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SUMMARY 
The study assessed the impact of the water supply intervention on the health-
related microbiological water quality of source and stored water.  The study area 
was a rural community with limited access to safe drinking water and sanitation 
systems for use.  Previously, participating households had to collect water from 
remote sources (sub-villages near the river and irrigation canals), store water in 
various types of containers before use and under certain conditions in the 
domestic environment that may impact negatively on the water quality. These 
sub-villages were referred to as the Intervention group.  The Reference group, 
were households from the same village (sub-villages away from the river) and for 
many years have collected and used water from communal taps.  The water from 
the tap was pumped from a groundwater source of a better microbiological quality 
compared to the Intervention groups’ surface water. 
Communal standpipes that were installed several years ago were operationalised 
(water supply intervention) in the Intervention group at the time of the study and 
provided the opportunity to compare the various water sources and their impact 
on the health-related microbiological water quality of container-stored water. 
There were significant differences in the quality of various water sources used by 
the Intervention and Reference groups.  The level of contamination was found to 
be higher in the Intervention group surface waters than in the Reference group 
tap water (groundwater source).  Counts of total coliforms and E. coli were much 
higher in the Intervention group water sources than the Reference group, 
indicating that surface water was exposed to more pollution in the environment 
than the protected groundwater supplying taps. 
There were also significant differences in the water quality of source and 
container-stored waters used by both Intervention and Reference groups.  The 
numbers of indicator organisms were significantly lower in the Intervention group 
container-stored river water than in the river source water, suggesting bacterial 
die-off in stored water.  For the Reference group, higher counts of total coliforms 
and E. coli were found once tap water was sourced and stored in containers at 
home.  The level of these indicators in the Reference group stored water 
supported the statement that water of good quality at the source often becomes 
xii 
contaminated during storage at home but in case of the Intervention group river 
water, the storage process brought about improvements in water quality.  
Container water quality of the Intervention group was assessed “before” and 
“after” the water supply intervention.  A significant decrease was found in the 
indicator organism numbers (total coliforms and E. coli) “after” the intervention, 
showing a strong association between the use of an improved water supply and a 
good water quality.  The results have also shown that the Reference group 
container-stored tap water had lower indicator organism numbers than the 
Intervention group container-stored river water before the intervention. 
After the Intervention group tap water was operationalised, its container-stored 
waters were compared to that of the Reference group (both groups now on tap 
water), and surprisingly there were significantly higher numbers of indicators in 
the Reference group stored water, suggesting poor domestic hygiene practices.  
No significant differences were expected because the same supply was used by 
both groups. 
Twenty eight households were randomly selected to assess the sustainability of 
the water supply intervention after one year of using tap water by the people of 
Folovhodwe, especially those from the Intervention group.  There was a 
significant increase in the indicator organism numbers in container-stored water 
after one year of using tap water.  Higher levels of indicator organisms (one year 
later) were probably associated with inadequate water handling practices at 
home, since the borehole groundwater after one year had zero indicator 
organisms (total coliforms and E. coli) indicating good water quality at the source. 
The health-related microbiological quality (at the source and in the containers) did 
not comply with the proposed safety limits in various water quality guidelines.  A 
negative outcome in both groups was that E. coli was still higher than the WHO 
risk limit for water intended for drinking at the source and in storage containers 
suggesting continued faecal pollution of the water.  Judging by the overall results, 
it is evident that the water supply intervention played a role in reducing the 
numbers of indicator organisms, although still above the guideline limits.  It also 
appears that water supply interventions alone are not sufficient to improve and 
maintain water quality especially at the point of consumption; therefore hygiene 
practices around stored water at home need to be improved in order to achieve 
maximum health benefits. 
xiii 
Introduction 
Chapter 1 
Introduction 
1 BACKGROUND 
Access to safe drinking water can improve health (UN-Habitat, 2003).  Access to 
safe drinking water is also universally recognised as a basic human need (WHO, 
1997).  This is why Goal 7, Target 10 of the Millennium Development Goals, aims 
at halving, by 2015, the proportion of people without sustainable access to safe 
drinking water (Millennium Development Goals, 2004).  South Africa is expected 
to eradicate the current backlog of 6 million in water supplies by 2008 (Muller, 
2005). 
The World Health Organisation (WHO) (2003a) and United Nation Children’s 
Fund (UNICEF) (2004), define safe drinking water as water with microbial, 
chemical and physical characteristics that meet guidelines (WHO and national 
standards) on drinking water quality.  Therefore “safe” refers to a water supply 
that poses no significant health risk (WHO, 2003b). 
Assessing success in improving access to safe drinking water can be indicated 
by the proportion of people using improved drinking water sources accessible 
through household connection; public standpipe; borehole; protected dug well; 
protected spring; or rainwater (The Millenium Village Project, 2005). 
Despite investments in water and sanitation infrastructure, many low-income 
communities still lack access to safe drinking water (Poverty, Health and the 
Environment, 1999; Mintz et al., 1995).  In fact, failure to provide safe drinking 
water to all people is perhaps one of the great development-failures of the 20th 
century (WHO, 2003a; Gleick, 2002).   
Many areas in most cities and towns of developing countries are characterised by 
over-crowding, inadequate water supply and inadequate facilities for disposal of 
human excreta, waste water and solid wastes.  A significant number of water-
related illnesses and deaths are reported annually as a direct result of these 
conditions (Parliamentary Office of Science and Technology, 2002).  It is 
therefore difficult to improve health, especially through personal and domestic 
hygiene practices, without improving amenities such as water supply and 
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sanitation facilities (Nath, 2003a; WHO, 2002a). 
According to WHO (2004a), more than one billion people are without access to 
safe and adequate drinking water worldwide.  A goal of the WHO is that all 
people, whatever their stage of development and their social and economic 
conditions, should have access to an adequate supply of safe drinking water and 
therefore water supply programmes should be put in place to provide such 
communities with safe water (WHO, 2003b; Kunni et al., 2002; Water Health 
International, 2001).   
It is also very important to be realistic about the magnitude of the benefits that 
can result from water supply improvements.  If these programmes succeed in 
providing microbiologically safe water, increasing consumption and improving 
home and personal hygiene, then health problems such as diarrhoea and other 
water-borne intestinal infections can be reduced (Bockarie 1998; Reynolds, 
1992).  Furthermore, if water supply programmes significantly ameliorate the 
load-carrying duties of women and children, then some improvement should be 
expected in their physical health too (WHO, 1993).   
However, by simply providing sufficient water will not, on its own, ensure its 
optimal use or impact on public health (WHO, 2003a; Nath, 2003b).  People also 
need to practice water safety (safe water-handling), especially at home.  This is 
achieved through two major additional interventions.  The one is to improve 
sanitation in the domestic environment; the other is mobilising household 
members’ involvement in the design and maintenance of water use facilities, 
especially at household level, by disseminating the necessary information, 
knowledge and understanding to prevent water and sanitation-related diseases 
(Humanitarian Charter, 2004).  
Previous studies reported that sufficient volumes of safe water close to the 
homes encourage hand-washing, general physical cleanliness and improved 
living conditions (Warner, 2001; Curtis et al., 2000).  However, in many 
developing communities people generally do not have safe piped in-house water 
for easy access and use (Putman and Weiner, 1995).  They collect water (often 
untreated from rivers and streams) some distance from home and store it in 
containers of various types, sizes and shapes before use (Thompson et al., 2003; 
Bezuidenhout et al., 2002; Swerdlow et al., 1992). 
To measure whether an intervention such as improving access to safe water 
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would have a positive effect on health and other qualities of life is difficult.  This 
usually entails comprehensive social and environmental studies (Bockarie, 1997).  
An effective means to measure at least some benefit is the critical parameter of 
improvement of the health-related microbiological quality of the water that people 
consume before and then again after such intervention (Nala, 2002; Jagals et al., 
1997). 
Poor water-handling practices in the domestic environment such as poor 
container hygiene as well as potentially risky methods of water storage have 
been shown to impact negatively on the microbiological quality of container-
stored water (Joubert et al, 2003; Nala et al., 2003), even if the water has been 
sourced from a reliable and safe supply.  A further condition, under which water is 
dealt with at home, is unhygienic domestic environments.  These should still be 
managed to ensure that the good quality of supply water is sustained during 
storage and use in the domestic environment (Joubert et al., 2003; Nath, 2003a; 
Medical Research Council, 1999). 
This is contrary to expectations that by improving water supply, especially in 
areas that previously had none, would lead to improved domestic conditions 
conducive to improved quality of life. 
People observed in the rural area where this study was conducted live under 
circumstances leading to contaminating container-stored water.  In addition they 
did not have any alternative to untreated river water for an extended period. 
The specific study area was a village consisting of various sub-villages that used 
a variety of water supply sources including untreated river water as well as tap 
water of a quality assumed to be suitable for drinking.  Quite recently, the sub-
villages that were using water from untreated sources were provided with running 
water at communal supply taps.  This was the only intervention – with no visible 
evidence of any programmes to improve the other factors such as sanitation and 
health promotion.  This provided the opportunity to assess the impacts of this sole 
intervention on the health-related microbiological quality of the water stored in 
containers in these environments as well as their respective water sources. 
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2 IMPROVING ACCESS TO IMPROVED WATER SUPPLIES IN 
RURAL AREAS 
According to Vanderslice and Briscoe (1995), improving water supply is a very 
direct, practical means to improve the life of the poor.  Most countries, in their 
commitment to fighting rural poverty, put more emphasis on the provision of safe 
water to the poorest segments of rural society (Millennium Development Goals, 
2005; Pickering, 1985). 
Reports tell of beneficiaries of the water supply improvement programmes 
showing reduction in water-related diseases (Mertens et al., 1990).  Programmes 
of water supply intervention are also reported to help beneficiaries get safe, 
dependable water close to their doorsteps, thereby reducing the hard work of 
hauling water from open wells and rivers (Page, 1994).  This means reduced 
drudgery of carrying the water from remote sources once the taps or handpumps 
go into operation (UNICEF, 2004; Van Damme, 2001; Cairncross, 1990). 
If these programmes succeed in increasing the volumes of water for 
consumption, and also achieve acceptable water quality targets at the point of 
use, as well as improvement in the water-handling practices, then a number of 
health improvements can be expected (The Millennium Village Project, 2005).  
For instance Esrey et al. (1990), in a study of the impact of water (and sanitation) 
programmes showed that diarrhoea-related morbidity could be reduced by about 
26% and mortality by perhaps 65%. 
This means that the health-related quality of water consumed by people in many 
areas without safe water supplies continues to be an international priority 
(Parliamentary Media Briefing, 2000).  Public health concerns are therefore major 
reasons for proposing rural supply systems (Svandlenka, 2003).  However, it is 
not enough to provide water supply facilities to a community that previously had 
none.  People also need to be taught how to optimise their supplies.  People 
should also maintain the good water quality from the point of supply to the point 
of consumption to ensure that these water supplies benefit the users 
(Parliamentary Media Briefing, 2000; Jagals et al., 2003; 1999; 1997). 
Reynolds (1992) pointed out the importance of frequent monitoring of water 
supply facilities.  Although the process of assessing whether the intervention is 
working can be expensive, infrequent repairs and poor monitoring often leave the 
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people without water for many months and the increase in cost associated with 
health problems related to lack of water during such periods (WHO, 1994). 
One way of measuring the success of an intervention is measuring changes in 
the health-related microbiological water quality.  However, a good water quality at 
the point of collection doesn’t necessarily translate to good quality at the point of 
use (Harder, 2003).  There are two pathways for pathogen transmission 
described by Cairncross et al (1996), as the “domestic domain” transmission 
corresponding to in-house contamination, and the “public domain” transmission 
that corresponds to pollution directly at the source.  For this study public domain 
pollution was not assessed.  This study assessed changes in the health-related 
microbiological water quality (HRMWQ) at the water sources as well as at home 
(domestic domain) during storage as the main points of concern.   
Jensen et al. (2002) reported that the inadequate storage of water for hours or 
even for a few days allows the possibility of faecal contamination of otherwise 
good quality drinking water inside the household.  The domestic pathway of 
pathogen contamination of the household drinking water is independent of 
pollution at the source and is discussed in the next section. 
3 HEALTH-RELATED MICROBIOLOGICAL WATER QUALITY 
In the context of this study, the key issue of improving access was to see whether 
the health-related quality of water improved at the point of consumption.  This is 
based on the fact that there are many factors present at the household level that 
could play a role in changing the water quality to a point that it’s unsafe for human 
consumption. 
Various aspects define health-related water quality which can be grouped in 
biological, chemical and physical categories.  This study focussed on the 
microbiological quality as this is reported to be the most important aspect that 
negatively affects human health as well as water contamination in areas where 
sanitation and proper household hygiene is lacking (WHO, 2002a; Curtis et al, 
2000; Cairncross et al., 1996). 
3.1 HEALTH HAZARDS POSED BY MICROBIAL CONTAMINATION OF 
DRINKING WATER 
Waterborne diseases are the most important water quality concern (WHO, 
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2002b).  The water intended for human consumption should be safe, which 
implies the absence of harmful microorganisms and the organisms generally 
used to indicate them (WHO, 2003c; Jagals et al., 1999; Nevondo and Cloete, 
1999; Aucamp and Vivier, 1990). 
The problem is, when water is not piped directly into a house, it needs to be 
stored in containers.  This can provide a number of opportunities for 
contamination of stored water in the domestic environment (Chidavaenzi et al., 
1998).  Poor water quality together with inadequate sanitation was rated as the 
leading cause of infections and water-related deaths in developing countries 
(WHO, 2002a; 1997). 
Factors such as poor hand hygiene and limited access to sanitation facilities have 
been reported to perpetuate the transmission of diarrhoea-causing pathogens 
into the stored water supply (Coulson, 2000; Iroegbu et al., 2000; Ahmed et al., 
1998). 
Human faeces, even of apparently healthy people, may contain more organisms 
pathogenic to humans than animal faeces, and should therefore be targeted as 
the first priority in household hygiene.  Waterborne diseases are commonly 
caused by enteric pathogens that belong to the group of organisms basically 
transmitted by the faecal-oral route, which means that these pathogens are 
excreted in the faeces of the individuals and can be ingested by others in the 
form of faecally contaminated water (Gorter et al., 1998; Ashbolt et al., 2001). 
In many developing countries, young children often do not use toilets but rather 
indiscriminately use the nearby open environment, which means that the 
domestic ambit is never free of faecal material (Palamuleni, 2001).  This attracts 
flies that could in turn carry faecal material to uncovered water storage containers 
(Water Aid, 2000).  In a study conducted in Nicaragua (South America), families 
with children using nappies or underclothes were at reduced risk of diarrhoea 
than those that went without, presumably because less faecal material landed in 
the environment (Gorter et al., 1998).   
With an understanding of the role of poor domestic hygiene practices in 
spreading infectious disease, attention is increasingly focused on the protection 
of drinking water at the point of consumption (Domestic and Personal Hygiene, 
2004). 
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Therefore, a key requirement for meeting the aim and objectives of this study 
(Section 6.3) was assessment of the potential of a water supply programme to 
contribute towards the improvement of the health-related microbiological water 
quality of stored water at home, especially at the point of consumption. 
3.2 FACTORS IN THE DOMESTIC ENVIRONMENT THAT MAY PROMOTE 
MICROBIAL CONTAMINATION OF WATER 
Effective management of domestic hygiene aspects forms the primary barrier of 
disease in domestic environments.  These include the use of latrines, sewers, 
burying of waste etc. (Republic of South Africa, 2001).  This is said in the context 
that health and hygiene education and promotion takes significantly longer than 
the engineering aspects to begin to show effect (Carter, 1996). 
3.2.1 Factors related to infrastructure 
Ease of access is not the only issue in water supply interventions, there is also 
the matter of fetching and storage (Mutevu, 2002).  People in the study area fetch 
and store water in various containers at home because of the absence of in-
house water supply. 
This unavailability of in-house domestic water supplies and subsequent storage 
and handling of water, implies contamination of supplied or other sources of 
water (Bokako, 2000; Jagals et al., 1997; 1999).  This means that water that is 
free of pathogenic agents at the source becomes contaminated with faecal 
material as it is sourced and during storage at home (Curtis et al., 2003; 2000).  
Therefore, the lack of in-house tap water and having to use storage containers 
often negates potential gains from improved access (Bukenya et al., 1991) 
Also providing adequate sanitation facilities at household level and improving 
hygiene practices related to these can have dramatic health benefits because 
many of the infective organisms (such as Escherichia coli) are spread from hand 
to mouth rather than through direct drinking of contaminated water (Jensen et al., 
2002; Republic of South Africa, 2001). 
Therefore, the use of an adequate toilet facility promotes safe excreta disposal to 
ensure that the environment is kept free from contamination by human faeces 
that can harm the health of people (Enjem, 2004; Dialogue on Diarrhoea, 1991; 
Pinfold, 1990).  
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3.2.2 Factors related to domestic water management  
Sobsey (2002), as well as the Centre for Disease Control and Prevention (CDC) 
(2001) summarises the factors that can contaminate domestically stored water.  
These are: 
? Container storage environment; 
? The design of storage containers in the context of wide openings, implying 
susceptibility to introduction of hands and vectors; 
? Activities of children and domestic animals; 
? Vectors such as flies and dust; 
? Scoopers and dippers that can carry faecal contamination. 
The above-mentioned factors refer to activities mostly associated with the indoor 
and immediately adjacent outdoor- domestic environment.  Each of these factors 
is discussed in the sections below. 
3.2.2.1 Container storage environment 
In the context of household environments, this implies that the more hygienic a 
domestic environment is kept, the lower the potential is for aspects from such an 
environment to pollute domestic water supplies stored on such premises (Iroegbu 
et al., 2000; Ahmed et al., 1998). 
This section is about the storage and access by animals and vectors to the stored 
water.  The manner in which storage containers are placed in the domestic 
environment can have an influence on the quality of water.  Practices such as 
containers placed near open windows or even on the ground without any form of 
protection from contamination by dust, young children with dirty hands or even 
household pets, can cause further contamination of stored water (Curtis et al., 
2003; Theron, 2000). 
According to Jagals et al. (2004) and Cartwright (1998) containers kept tightly 
covered when not in use and placed on higher areas (e.g. tables) would make it 
less likely for environmental contaminants and activities such as dust, small 
children and animals to access the stored water.   
Poverty and poor sanitation of settlements is another aspect associated with 
hygiene problems in the domestic environment.  Inadequate housing for most 
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urban and rural poor invariably leads to poor home hygiene (Nath, 2003a; 
Mutevu, 2002).  According to Gorter et al. (1998), the cleanliness of the floor 
surfaces of the kitchen and living room, as well as the disposal of household 
waste (rubbish), seem to be good indicators for measuring hygiene status in the 
domestic environment as well as protecting the quality of stored water.  
High ambient temperatures of the domestic environment as well as increased 
water storage times also contribute to the deterioration (contaminant build-up) of 
stored water quality (Sobsey, 2002; 1999; Luby et al., 2001).  Most households in 
the study area cook on open fires inside the kitchen area where water storage-
containers are generally kept.  This often contributes excessive heat in the direct 
environment of the containers and encourages bacterial growth especially if there 
are food particles settled at the base of storage containers (Macy and Quick, 
2000; Taylor, 1972).  Contamination of water can also result from other source 
such as the use of unclean hands while taking water out of the container 
(Chidavaenzi et al., 1998)  
3.2.2.2 Container design 
CDC (2003) has reported that throughout the world, virtually every type of tank, 
vessel or container imaginable has been used for household water storage.  
South Africa is no exception (Jagals et al., 1997; 1999).  The problem is that 
improperly managed storage containers can easily contaminate the water, even 
when water is initially disinfected; the subsequent contamination is often so great 
that it nullifies the disinfectant.  Buckets, cooking pots and other cylindrical 
vessels have wide openings and therefore scooping will occur more commonly 
from this type of container.  These containers will also be more easily kept clean 
because of ease of access to the container inside wall and bottom (Mintz et al., 
1995).  These wide-mouthed containers encourage contamination of water as 
they allow dipping of hands or finger-tip contact when accessing water (Jagals et 
al., 2004; Nala et al., 2003; Lindskog and Lindskog, 1988).   
In a study conducted in Bangladesh, Sobsey (2002) reported that higher levels of 
microbial contamination and decreased water quality were associated with 
storage containers having wide-openings and those that are poorly covered.  
Stored water in wide-mouthed containers with tight fitting lids can be protected 
from environmental pollutants such as dust but not from water scooping or 
dipping practices that often contaminate the water.  Many families in rural areas 
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also prefer to use traditional clay pots because they are porous and permit 
evaporative cooling.  While clay pots may be reasonably effective storage 
containers if kept clean, people cannot avoid touching the water when they scoop 
or dip it out (CDC, 2003).  These practices often contaminate good quality water 
to such an extent that it becomes unsafe for human consumption. 
Screw-top containers are the most preferred and used type of containers 
(particularly in the area of the study) because they can also be used to transport 
water (Curtis et al., 2000).  However, they are difficult to clean which results in 
formation of bio-film and the accumulation of sediments and pathogens that are 
likely to contaminate the water if the biofilm becomes dislodged during filling, 
transport and handling at home (Jagals et al., 2003; Bokako, 2000). 
Therefore, water storage vessels with an opening large enough to facilitate filling 
and cleaning, but small enough that even a child cannot easily insert a hand with 
a cup or other utensil to dip out water, are therefore ideal (CDC, 2003; 
Chidavaenzi et al., 1998). 
It appears that hand hygiene plays a significant role in changing the quality of 
stored water, especially if water has to be scooped before use.  Studies have 
shown that the use of bare hands to cleanse the bottom of a child after it has 
defecated is common practice in much of the world and provides an easy route 
for faecal pathogens to reach the domestic environment, especially if the hands 
remain unwashed when the mother starts using water for domestic purposes 
(Jensen et al., 2002; Curtis et al., 2000).   
Since pathogens cannot be seen on hands, and water alone is not always 
sufficient to remove them, hand-washing with soap or soap substitutes (such as 
ashes, certain plant materials, sand and firm rubbing of both hands during 
rinsing) is necessary before handling water from storage containers (WHO, 
2002a; Luby et al., 2001).  Therefore proper hand washing with soap is 
necessary but the cost of soap also limits proper hand washing by the family in 
many settings (Enjem, 2004; Peterson et al., 1998). 
Efforts should concentrate on hand washing at critical times such as:  
? After using the toilet; 
? After other stool contact such as cleaning a child who has defecated; 
? Before handling food or water; 
Page 10 of 95 
Introduction 
? After handling animals. 
The washing of both hands, rubbing of hands, and the amount and quality of 
rinsing were found to be important determinants in the reduction of bacterial 
counts on hands (Hoque, 2003; Nath, 2003a). 
3.2.2.3 Vectors such as flies and dust 
It is imperative to control vectors that can carry harmful bacteria to homes 
(Department of Water Affairs and Forestry (DWAF), 2002a; Chavasse, 1998).  
Environmental dust and vectors from a contaminated domestic environment, 
especially where animals are present, can also carry pathogenic and other 
bacteria to the stored water component (Grados et al., 1988).  Dust itself cannot 
cause infectious diseases but organisms present in dust may get into stored 
water, thereby contaminating the water (Curtis and Kanki, 1998).  For example, in 
an “unclean” environment, dust may carry pathogenic contaminants from dry 
faeces and rotting waste into the house where water containers are kept (Gorter 
et al., 1998). 
Most importantly dust that is generated during sweeping in the domestic 
environment is perhaps one of the most common elements capable of conveying 
contaminants (Cairncross et al., 1996).  It is therefore, important that water 
storage containers be moved out during sweeping and cleaning of the floors. 
Flies have also shown to carry pathogens on their feet, in their faeces and in the 
digestive juices which they regurgitate onto food or water in uncovered storage 
containers (Curtis et al., 2000; Ahmed et al., 1994).   
3.2.2.4 Activities of children and domestic animals. 
Children play an important role in carrying and spreading contaminants from their 
playing environment into the domestic environment especially if they are not 
taught to maintain good hygiene practices (WHO, 2002a).  Therefore parents, 
particularly mothers, should actively encourage children at an early age to 
develop good hygiene practices, such as using latrines and washing hands 
(Wright et al., 2004). 
Practices such as accessing water from a wide-mouth container using scooping 
mugs with unwashed hands after visiting toilets or after playing can contaminate 
the water (Luby et al., 2001).  They should be encouraged to use latrines, 
Page 11 of 95 
Introduction 
accompanied perhaps by older brothers and sisters until they are familiar with 
how to use them (Dialogue on Diarrhoea, 1991).   
Another important concern is the presence of animals in the domestic 
environment, because they also play a major part in faecal loading of these 
environments (Jagals, 2000).  According to Curtis et al. (2000) raising animals 
(animal husbandry) at home is common in many peri-urban and rural 
communities in low-income countries.   
Animals and birds (chickens and water birds such as geese) traditionally form 
part of South African rural household environments (Jagals, 2000; Jagals et al., 
1995).  Their excreta may contain pathogens that can contaminate water if 
allowed to accumulate in the domestic environment, which implies that these 
should preferably be kept away from areas where drinking-water is kept (Karanja 
and Njuguna, 2004; Bukenya and Nwokolo, 1991).  Being an integral part of the 
domestic environment, this does not always happen. 
Potential hazards can range from poor hygiene caused by the presence of dung, 
the possibility zoonotic infections, to the difficulty of controlling flies as a result of 
keeping animals at home.  According to Chavasse (1998) and Gorter et al. 
(1998), keeping livestock without proper animal waste management systems may 
favour the breeding of insects.   
Practices to limit access of animals in the in-house domestic environment where 
water storage containers are kept need to be adopted by the community (Harvey 
et al., 2003).  The use of barriers against animals in the house can help minimise 
the risk of contamination of stored water (Gorter et al., 1998). 
Hygienic practices required in order to keep the domestic environment 
uncontaminated by the presence of animals, are the following (Livestock Keeping 
in Urban Areas, 2001): 
? An adequate structurally sound dry shelter for the animals should be 
maintained on the premises.  Lairs for the larger farm type animals should 
preferably be kept in compounds at least 100 meters from water sources 
and 10 meters from houses.  The lairs must be located on land with good 
drainage that is not susceptible to flooding or stagnant water that will attract 
insect vectors; 
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? Animal owners should provide for the sanitary storage and disposal of all 
waste and manure related to the keeping of the animals. 
It is especially dogs and chickens that are allowed to roam freely in the domestic 
environment, while commercial animals such as cattle and goats would tend to be 
allowed to roam free in the peri-urban environment by day and kept enclosed 
near the house by night (Jagals, 2000).  Furthermore, depending on the culture 
and conditions in the community, these birds (chickens) invariably end up being 
very much part of the domestic environment (Harvey et al., 2003).  For instance, 
to prevent theft many people shut their chickens in enclosures close to, or even 
within, their houses at night.  People believe that these birds are healthier, 
happier and produce better meat and eggs when left loose to roam, even inside 
domestic units, by day (Georges-Courbets et al., 1990; Grados et al., 1988). 
Chicken droppings are reported to contain the highest number of E. coli per gram 
faeces of the traditional animals kept around domestic areas.  These materials 
(droppings) are limited in volume and therefore dry and disintegrate rapidly. Wind 
can then easily blow it into uncovered water storage containers, thereby 
increasing the likelihood of contaminating domestic container-stored water 
(Jagals, 2000). 
3.2.2.5 Scooping equipment hygiene 
Handling and contact of water with unwashed hands and contaminated utensils is 
a common practice that could contaminate stored water because of poor personal 
hygiene and general household hygiene practices (Reynolds, 2000; Ahmed et al., 
1998).   
The manner in which scooping vessels are used is important to minimise any 
form of contamination of stored water (Nala, 2002).  Scooping equipment 
(dippers) e.g. bowls which do not have handles might lead to the hands touching 
the container water, leading to contamination.  Greater potential for contamination 
and subsequent health risk will occur where dippers without handles (such as 
bowls) are used to scoop the water out of the container (Egwari and Aboaba, 
2002). 
Previous studies have shown that households in rural areas usually hang 
scooping utensils on a nearby wall where these are often exposed to 
environmental contaminants such as dust (Jensen et al., 2002; Chidavaenzi et 
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al., 1998).  The study population had the tendency of using mugs that were not 
protected from unhygienic environmental conditions such as dust and insects and 
which could lead to poor hygiene of scooping equipment. 
Jagals et al. (1997) in another study area in South Africa reported that the 
scooping mug is often kept uncovered somewhere in the vicinity of the container 
either on the ground or on top of the container and generally exposed to 
unhygienic conditions, such as flies, dust and unwashed hands of consumers.  
Therefore, practices such as covering the mug with a cloth or saucer although not 
common, can protect the water from such contaminants. 
According to Bokako (2000) scooping mugs in the area of her study were neither 
washed nor disinfected, which had a negative influence on the quality of stored 
water. 
4 MEASURING HEALTH-RELATED MICROBIOLOGICAL 
QUALITY OF WATER 
It is recognised that many factors, because of a lack of in-house water supply, 
can lead to the deterioration of good water supply (Humanitarian Charter, 2004).  
This study focused mainly on assessing health-related microbiological water 
quality that people consume in the rural domestic environments.  This meant an 
effective programme for assessment of the water quality that the people used. 
People from sub-villages within the study village at first used water directly from a 
river and later on from a borehole supplied through taps.  In both instances, the 
people used containers to fetch the water from the source and stored it at their 
homes in containers.  The storage containers therefore were the major focus in 
the assessment programme conducted for this study.  The containers were seen 
as a secondary distribution system, the pipe system of the improved supply as 
the primary system.  For both these systems the assessment programme was 
designed the same.  This means that the same microbiological indicators of water 
quality were used. 
In the study area, it was only the water supply that was improved, with no visible 
effort to intervene at the household level in areas such as concurrently improving 
sanitation, or creating awareness about how to optimally deal with the improved 
water supply.  To emphasize this type of situation, this study aimed at only 
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measuring the microbiological water quality to see whether improving supply 
alone had achieved an improved health-related microbiological quality of water at 
the point of consumption.  This was achieved using the bacterial indicators total 
coliforms and Escherichia coli because these are often reported to be associated 
with unhygienic domestic environments (Cartwright, 1998). 
4.1 MICROBIOLOGICAL INDICATORS 
A combination of total coliforms and Escherichia coli (E. coli) were used as 
microbiological indicators in this study.  E. coli measured faecal pollution and its 
potential health effects. 
4.1.1 Total coliforms 
Total coliforms measured potential environmental contamination of water at the 
source, as well as in the containers during storage at home.  The higher the 
levels of total coliforms, the more it can be concluded that water in the containers 
are subject to various aspects of contamination. 
Examples of these are ? the general microbiological quality of that water (DWAF, 
1996); ? the likelihood that the water is organically contaminated (United States 
Environmental Protection Agency (USEPA), 2000); ? generally contaminated 
through environmental input (Jagals et al., 2004; 1999); ? and is also used as an 
indicator of microbial growth in distribution systems (Plazinska, 1998) – in the 
context of this study is containers as well as pipelines. 
For this study, domestic water storage containers used by households were 
considered a water distribution system.  Total coliforms therefore provided 
information on environmental contamination of, and potential bacterial growth in 
containers used to store water in households, as suggested by Jagals et al. 
(2004; 1997). 
Total coliforms are a group of closely-related, mostly harmless bacteria that live in 
soil and water as well as the gut of animals (Health Protection Agency, 2003; 
American Public Health Association (APHA), 1998).  They are used as microbial 
measures of drinking water quality largely because they are easy to detect and 
enumerate (Water Research Commission (WRC), 1998; Parent et al., 1996). 
Because total coliforms of non-faecal origin can exist in rural waters, their 
presence in piped or untreated water can be tolerated within wider limits than 
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those of the more faecal specific index parameters such as E. coli (Payment et 
al., 2003).  Total coliform bacteria are also used as process indicator for water 
treatment works (Ashbolt et al., 2001).  However, in areas where water is still 
used directly from the source with or without direct treatment, Venter et al. (1996) 
suggest that they might be present in the source water. 
It was therefore, for the purpose of this study, also important to assess the level 
of total coliforms in raw river, as well as borehole water, used as drinking water 
supply. 
Total coliforms were detected by QuantiTray® / 2000 Colilert 18 (IDEXX, 2000) 
using the Most Probable Number (MPN) technique (Appendix A). 
The direct use of river water for domestic purposes, including drinking by 
underdeveloped or rural communities (which was the case for many years in the 
study area), is recognised as a distinct water use in South Africa for which water 
quality must be managed (Venter et al., 1996).  However, the provision of 
coliform criteria for raw water for drinking purposes is generally considered to 
apply to water at the intake into a conventional water treatment facility (DWAF, 
2002b; DWAF, 1993).  The water sources and supply investigated in this study 
did not include conventional water treatment.  However, the water storage 
containers were considered to serve as some form of treatment as a result of 
time-related natural die-off of microorganisms that are reported to take place in 
these containers (Egwari and Aboaba, 2002).  Water quality guidelines for 
coliforms were therefore applied for raw water sources (including river water) as 
well as the water in containers.  Venter et al. (1996) suggest limits of 20,000 total 
coliforms per 100mℓ in raw water to be treated and used for drinking.  This 
proposed guideline was applied for this study because water from the river was 
directly used for household purposes including drinking. 
4.1.2 Escherichia coli 
For the purpose of this study, E. coli measured the extent of faecal pollution that 
may have been contributed by the pollution factors described in Section 3.  
Faecal pollution, as discussed in Section 3.1 above, can lead to adverse health 
conditions in consumers of these waters.   
E. coli bacteria are a sub-group of the total coliform group (Environment 
Protection Branch, 2003).  They almost exclusively originate in great quantities 
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from the intestines of people and animals.  They are highly specific indicators of 
faecal pollution (APHA, 1998; WHO, 2002b; 1997).  They are also widely used as 
indicators of disinfection efficiency during treatment although, as with the other 
coliform indicators, it is more sensitive to disinfection than many pathogens. 
As with total coliforms, E. coli were detected by QuantiTray® / 2000 Colilert 18 
(IDEXX, 2000) using the Most Probable Number (MPN) technique (Appendix A). 
The detection of E. coli in water leaving a treatment facility is of the same 
significance as any other coliform organism (Ashbolt et al., 2001).  There should 
not be any in water that people drink (WHO, 2004b). 
For this study, E. coli are primarily used to indicate the suitability of the waters for 
drinking in the context of risk of infection such waters would pose to the 
consumer. 
5 THE STUDY AREA 
The area of study was the village of Folovhodwe in the Vhembe District of the 
Limpopo Province (Figure 1.1).  Vhembe District is a region in the north-eastern 
corner of the Limpopo Province, South Africa.  Folovhodwe had a population 
estimated at 6,400 inhabitants in approximately 800 households during the time 
of the study.   
 
Figure 1.1: Folovhodwe village in the Venda region, Limpopo Province, South Africa 
The village is a rural, low socio-economic community, without access to a safe 
water supply.  Furthermore, proper sanitation was lacking, and a public refuse 
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collection system was non-existent.   
The people collected water from untreated sources, some distance from home; 
stored it in containers of various types, sizes and shapes before using it for their 
daily household purposes including drinking.  Besides the fact that the water was 
not treated, water collection practices also play a role in the deterioration of water 
quality.  An example includes people stepping into the water which often disturbs 
the sediment (stirring-up the mud) at the bottom of the river, thereby contributing 
to increased levels of suspended matter including indicators organisms in 
sourced water (See Figure 1.2). 
 
Figure 1.2: Water sourced from the river for household purposes including drinking 
5.1 WATER SUPPLY INTERVENTION IN FOLOVHODWE 
The aim of water supply intervention is to provide a safe and sufficient supply of 
water to the consumer.  According to Carter (1996), the provision of safe water 
supplies in developing countries is often carried out by providing the consumers 
with access to a communal water supply, such as a standpipe, in the close 
vicinity of the household or a water connection inside the household.  However, in 
the area of study the intervention was not an in-house water supply but 
communal taps. 
Folovhodwe has five sub-villages, namely ?Tshapinda, ?Thondoni, 
?Tshikwarakwara, ?Tshaluwi and ?Maswangaduvha (Chapter 2, Figure 2.1).  
Page 18 of 95 
Introduction 
These sub-villages differ in their water sources. 
The people in the sub-villages of Tshapinda, Thondoni, and Tshikwarakwara had, 
up to February 2004, collected and used water from remote sources such as the 
nearby Nwanedi River, and its irrigation canal feeding from the Nwanedi River.  
Their source of water was improved from these remote sources to taps in 
February 2004.  The other two sub-villages, Tshaluwi and Maswangaduvha used 
only tap water coming from a groundwater source. 
Communal taps have been installed throughout the whole village more than five 
years ago, but up to February 2004 these were not in operation in the three sub-
villages mentioned above largely because water from the borehole that is now 
linked to drinking-water reservoirs and the reticulation system was not being 
pumped to the reservoir.  This was simply because the pump which lifts the water 
from the borehole source to the reservoirs (situated on a hill on the edge of the 
village) was not connected to a source of electricity.  This connection was finally 
installed in February 2004 from which time the remaining sub-villages were 
supplied with tap water. 
Since the beginning of the study period (March 2003), it was known that taps 
would be brought into operation some time in the (then) near future.  It was also 
known that this would be the only intervention – no other concurrent programme 
for creating awareness or improving sanitation was planned.  This provided the 
ideal opportunity to study the effect this sole intervention would have on the 
health-related microbiological quality of the water at the point of use. 
Since it could be expected that the intervention or the use of an improved water 
supply would encourage improvements in the people’s domestic water-handling 
practices and hygiene conditions in the domestic environment, it was reasoned 
that this would reflect in the health-related microbiological quality of their 
container-stored water.  We measured the latter. 
6 THE STUDY 
6.1 THE RESEARCH PROBLEM 
It was uncertain whether the water supply intervention played any role in 
changing the quality of the water at the point of use by the people of Folovhodwe 
and to what extent if any, this contributed towards improving water quality at the 
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point of consumption. 
6.2 RATIONALE FOR INVESTIGATING THIS PROBLEM 
In developing countries, public health concerns related to water supply are 
usually raised on institutional settings such as municipal services, health 
services, environmental sanitation provision, etc.  The home as a setting of equal 
importance, along with the public institutions in the chain of disease transmission 
in the community, is often not considered (Humanitarian Charter, 2004). 
Rural and poor people generally have limited access to safe drinking water and 
adequate sanitation.  More than 60 million people in the Southern African 
Development Community (SADC) region alone lack access to safe water.  The 
availability of safe water is key to meeting SADC's first development objective 
namely that of poverty alleviation and raising people’s standard of living (The 
Zambezi Newsletter, 2000).  In most of the SADC countries, including South 
Africa, drinking water is still collected by many from sources of which the health-
related water quality often pose a health risk (as was previously the case in the 
study area) and is further contaminated during storage in households (Muller, 
2005). 
In areas where access to water supplies have been improved, widespread 
problems still exist related to unhygienic household as well as poor water-
handling practices at home because many of these households will, in the years 
to come, not get water in their houses, and would still have to collect it elsewhere 
and store it while using it – a process during which a safe water supply will be 
microbiologically re-contaminated to the point of it being unsafe for human 
consumption (Jagals et al., 2004; 1999; 1997).  Although the approach followed 
in this study was not new, circumstances surrounding the study area were not 
assessed in this way before. 
The elements in the domestic environment which contribute substantially to the 
deterioration of stored water quality at home are not always known.  However, the 
purpose of this study was not to measure hygiene elements that contribute to 
changes in quality of container-stored water but the health-related microbiological 
water quality changes brought about by the improvement of access to, and the 
use of a water supply assumed to be of suitable microbiological quality. 
The rationale for this study therefore was to assess whether improving access to 
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a water supply suitable for drinking, without concurrent programmes such as 
creating awareness and changing hygiene behaviour and improving other 
infrastructure such as sanitation facilities, would lead to a safe water product at 
the point of consumption. 
6.3 AIM, SCOPE AND OBJECTIVES OF THE STUDY 
6.3.1 Aim 
This study was aimed at empirically investigating (by comparing the situation 
before, to the situation after the intervention - Chapter 2 Section 1.1) the extent to 
which a water supply intervention affected the health-related microbiological 
water quality at the point of use. 
6.3.2 Scope 
The study focused mainly on health-related microbiological quality of source and 
stored water in a deep rural domestic environment with limited sanitation and 
other hygiene measures evident in the study communities. 
6.3.3 Objectives 
Objectives towards reaching the study aim were to measure the differences in the 
water quality from an Intervention group and Reference group (See Chapter 2, 
Section 1.1 – 1.2) in the following: 
? To assess the health-related microbiological water quality at the various 
water sources (surface and groundwater) used by the people of 
Folovhodwe; 
? To measure changes in the health-related microbiological water quality of 
the source water after being collected and during storage and use at home 
by the Intervention and Reference groups; 
? To measure differences in the health-related microbiological water quality of 
container-stored water used by the Intervention group before the 
intervention to that of the Reference group; 
? To measure changes in the health-related microbiological water quality of 
container-stored water of the Intervention group before and after the water 
supply intervention; 
Page 21 of 95 
Introduction 
? To measure changes in the health-related microbiological water quality of 
those who had been on taps historically and those whose taps were recently 
operationalised; 
? To assess the suitability of the health-related microbiological water quality 
for both groups in terms of the different water quality guidelines; 
? To assess any changes in the health-related microbiological water quality in 
the water supply system as well as container-stored water after one year; 
? To assess the sustainability of the water supply intervention after one year 
of using tap water by all the people of Folovhodwe but especially that of the 
groups that previously had to use the Nwanedi River as their sole resource. 
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Chapter 2 
METHODOLOGY 
The study was conducted over a period of 10 months in Folovhodwe Village, 
which lies on the banks of the Nwanedi River.  The Nwanedi catchment lies in the 
Vhembe district of the Venda region, northern Limpopo Province, South Africa 
(Chapter 1, Figure 1.1, Section 5).  Folovhodwe consists of five sub-villages 
(Figure 2.1). 
Nwanedi River
Maswangaduvha 
Tshaluwi 
Tshikwarakwara
Thondoni
Tshapinda 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: The sub-villages of Folovhodwe 
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2.1 FOLOVHODWE’S SUB-VILLAGES AND WATER SOURCES 
For the purposes of this study, the sample households (Chapter 2, Section 2.3) 
were selected on the basis of an Intervention and a Tap (reference) group, 
according to the various water sources that were used by the inhabitants in the 
respective groups before the intervention described in Chapter 1, Section 5.1.  
The village people collect water from the river, its canal and taps in a variety of 
containers and carried these to their dwellings for household use. 
After the intervention, the whole Folovhodwe Village had access to water from the 
same water source i.e. the same borehole supplying the taps initially used by the 
Reference group (Tshaluwi and Maswangaduvha suburbs). 
2.1.1 The Intervention group 
The Intervention group consisted of Tshikwarakwara, Thondoni and Tshapinda as 
they had used water (including for drinking) untreated from the Nwanedi River 
since there had been no alternative but to use these sources for their daily 
household needs.  These three sub-villages are situated in close proximity of the 
river banks as well as an irrigation canal that is fed from the Nwanedi River. 
The people from Thondoni and Tshapinda mainly used river water and the 
Tshikwarakwara people mainly used canal water.  These respective uses may 
imply that these sub-villages had access to water of varying quality – some being 
better than the others.  It was reasoned that should there be no significant 
difference in the river and canal water quality, in which case the water quality 
data of the three villages would be combined and all three sub-villages would be 
referred to as the Intervention group. 
Communal standpipes were installed in these three riparian sub-villages some 
five years ago but only recently brought into operation (Chapter 1, Section 5.1).  
Data for the Intervention group were accordingly grouped into categories related 
to before and after the water supply intervention.  “Before” refers to the period 
when the people were still using water directly from the natural source (river / 
canal) and “after” refers to the period directly after the taps were brought into 
operation. 
A brief follow-up study one year after the intervention was conducted to measure 
any changes (improvement or deterioration) in the water quality that the people of 
Folovhodwe were using. 
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2.1.2 The Reference group  
The reference group consisted of households from the sub-villages Tshaluwi and 
Maswangaduvha.  These sub-villages are situated further away from the river 
than the ones of the Intervention group and have been receiving its water via taps 
for several years.  The water supply has been from untreated, but good quality 
water pumped from a nearby borehole in the foothills of the Soutpansberg.  This 
group is therefore not divided into “before” and “after” but was used as a whole as 
the Reference group. 
2.2 PERMISSIONS AND INTRODUCTION OF THE PROJECT 
Permission to conduct the study in the area was first sought from, and granted by 
the headman of the village, Chief A Nefolovhodwe.  The scope of the study was 
then introduced to members of the selected households (Chapter 2, Section 2.3).  
The head of the household or the senior female person in the household was the 
one who granted permission. 
A consent form describing the study, and ethically cleared by the Ethics 
Committee of the Faculty of Health Sciences of the University of Johannesburg, 
was translated into the local language of Tshi-Venda, and issued to members of 
the selected households.  They were requested to first read and then sign 
consent if they agreed to participate.  For those who could not read, it was read 
out loud to them, and upon agreement, the consent form was signed.  This was to 
ensure mutual understanding as well as agreement.  Participating households 
could however, withdraw at any stage should they wish to no longer continue. 
2.3 THE SAMPLE HOUSEHOLDS 
Households for this study were selected on the bases of their access to water 
from a specific water source.  A total of 100 households were selected.  This 
number made out 12% of the approximately 800 households in Folovhodwe.  The 
original target was 10%, a percentage sample size reported to be used in surveys 
of this nature (Population Survey Minimum Requirements, 2005). 
Of the 100 sample households, it was endeavoured to achieve 60 and 40 
households for the Intervention and Reference groups respectively as this was 
according to the percentage ratios of the total number of households in each 
suburb.  In other words, the Intervention group (Tshapinda, Thondoni and 
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Tshikwarakwara) and Reference group (Tshaluwi and Maswangaduvha) 
constituted 60 and 40 percent of the village, respectively.  Factors such as 
households withdrawing from the study as well as the absence of household 
members were experienced; however a target of 100 households was still met.  
2.3.1 The Intervention group households 
The Intervention group eventually consisted of 61 households that used water 
directly from the Nwanedi River and its irrigation canal before the taps were 
brought into operation.  It was anticipated that the health-related microbiological 
quality of the water they were using at the time would not be suitable for drinking 
and therefore pose an infection risk. 
These 61 households were stratified according to their proximity to their 
respective water sources, as well as according to their percentage ratio to the 
total number of households in the Intervention group, with each “river” suburb 
represented as follows: Tshapinda 31, Thondoni 10 and Tshikwarakwara 20. 
2.3.2 The Reference group households 
The 39 reference households were from the two non-riparian suburbs (Tshaluwi 
and Maswangaduvha), and were randomly selected on a percentage ratio to the 
total number of households in the area, each represented as follows: Tshaluwi 
30, Maswangaduvha 9. 
The Reference group was so called because of its continuous access and use of 
tap water.  The tap water was sourced from a borehole connected to communal 
taps through a reservoir and pipe distribution.  Although untreated, the supply 
was expected to be of a microbiological quality that is suitable for drinking, 
compared to unprotected surface water (river), and therefore be of negligible risk. 
2.4 STUDY DESIGN  
This study followed a sequence of steps (Figure 2.2), using water quality 
indicators as a marker to assess whether the water supply intervention in 
Folovhodwe had a positive impact on the microbiological quality of water at the 
point of use. 
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STEP 1 
Compare Source Water Qualities 
Intervention group   Reference group 
(River and canal)    (Groundwater – borehole and tap) 
Describe compliance of the various source water qualities 
STEP 2 
Intervention group 
Source water (river) v/s container water 
STEP 3 
Reference group 
Source water (tap) v/s container water 
STEP 4 
Pre-intervention container water quality v/s  
container water quality of the Reference 
STEP 5 
Intervention group now on tap water 
Intervention group container water quality 
before and after intervention 
INTERVENTION GROUP WATER 
PLY INTERVENTISUP ON 
STEP 6
Intervention group container tap water after 
intervention compared with Reference group 
container tap water.  
STEP 7
Folovhodwe Village 
Container water quality ONE YEAR after 
intervention and compare with results from Step 6
 
Figure 2.2: Study layout for comparing the Intervention (before and after intervention) 
and the Reference groups 
2.4.1 STEP ONE: Comparing source waters of the Intervention and 
Reference groups 
This step was to get a general overview of the microbial water quality used by the 
Intervention group before the intervention and for the water of the Reference 
group.  This step determined whether there were any statistically significant 
differences between ? the water of the river and the canal, and ? the borehole 
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and taps respectively. 
The Statistical Approach used in Step One  
Data for all four source water groups were tested for variance using the non-
parametric ANOVA of Ranks (Kruskal Wallis) as well as subsequent Multiple 
Comparison Procedures (MCP) (Appendix B, Section 8) to identify the data sets 
that differed significantly. 
The Zero hypothesis (H0) for this approach was that there would be no 
significant difference in the water quality sourced from the river, canal, borehole 
and taps. 
Implication of accepting the H0: 
Differences were expected in the microbial water quality of the respective 
sourcing points.  Accepting the H0 means the quality of water from the river is the 
same as that of the canal, the borehole and the taps.  This would imply that: 
? If the surface water quality was similar to that of the groundwater, then it 
would not matter whether the people sourced water from the river or the 
taps; 
? If the canal water quality was similar to that of the river water, it really did not 
matter where the people of the respective sub-villages in the Intervention 
group got their water from.  The water quality data of the three sub-villages 
could then be combined and referred to as Intervention group for the rest of 
the discussion; 
? If the borehole water was the same as the water from the distribution system 
(taps) it would mean that the system played no part in water quality 
changes. 
Rejecting the H0 
This would suggest significant differences in the water quality of the respective 
sources.  This would then mean that water of different qualities would be 
expected as a result of various water sources being used. 
In the case of rejecting the H0, multiple comparison tests would be done to 
establish which of the sources differed significantly from the other.  MCP tests are 
described in Appendix B, Section 8. 
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These differences, if any, are discussed in Chapter 3.  The implications of 
differences are assumed as follows: 
? If the canal water quality was different to that of the river water, it might 
mean that people in the various sub-villages of the Intervention group were 
possibly subjected to different infection risks if the waters were proven to be 
faecally polluted; 
? If water from the taps (sourced by the borehole) was significantly less 
polluted than the river / canal water, then the tap water was an appropriate 
alternative source of water which might lead to a reduction of the risk; 
? If water from the river was less polluted than the tap water, it could mean 
that the investment of improving water supply was not optimised because of 
factors not considered beforehand and/or managed afterwards e.g. the 
distribution system could be excessively contaminated. 
2.4.2 STEP TWO: Comparing source and container-stored waters of the 
Intervention group before the intervention 
In Chapter 1 it was discussed that the water quality often changes between the 
point of collection and consumption – especially during storage and use at home.  
Step Three was then conducted to assess this change.  Regardless of any 
significant differences in the water sources (river and canal), the data for the river 
and canal waters were combined and compared to the quality data of the same 
waters once it got stored in containers – this was to measure quality changes 
between the source and the point of consumption. 
The Statistical Approach used in Step Two 
Data were analysed for variance using the non-parametric Rank Sum test (Mann-
Whitney) (Appendix B, Section 8). 
The Zero hypothesis (H0) for this approach was that there would be no 
significant difference in the quality of the combined river/canal waters and 
container-stored water sourced from these sources. 
Accepting the H0 would imply that water of the same quality would be expected 
at the sources and in the containers.  This would mean that the situation around 
storing water in containers did not influence the quality of water once it was 
collected from the source. 
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Rejecting the H0 would mean significant differences in the health-related 
microbiological water quality from the source and the water stored in the 
containers after being sourced.   
? If the source (river/canal) water quality was significantly poorer than that of 
the container-stored water, it would mean that there were factors 
surrounding the situation of storing the water that contributed to possible 
improvement in the quality of stored water; 
? If water from the source was significantly less contaminated than water from 
the containers, it would mean that factors surrounding the container 
situation were contributing to the deterioration of the health-related 
microbiological quality of stored water. 
2.4.3 STEP THREE: Comparing source and container-stored waters of the 
Reference group 
As with the Intervention group, water used by the Reference group was collected 
from the source and stored in a variety of containers before and during use at 
home.  However, the collection-to-consumption sequence, being shorter than that 
of the Intervention group, meant the water was still exposed to the risk of 
contamination despite the assumption that the water supply taps are more 
suitable than untreated river water. 
The reason for this step was to see whether the health-related microbiological 
water quality of water from the taps (sourced from a protected source and 
assumed suitable for drinking), deteriorated in the containers once sourced and 
stored and whether this had lead to an increased risk of infection. 
The Statistical Approach used in Step Three  
Data were analysed by variance testing using the Mann-Whitney test (Appendix 
B, Section 8). 
The Zero hypothesis (H0) for this approach was that there would be no 
significant difference in quality of the source water (borehole/tap) and its sourced 
container-stored water. 
Accepting the H0 would mean that water of the same quality would be expected 
at the source and at the point of consumption from the containers.  If there were 
no changes, then factors surrounding container-stored water did not contribute to 
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change. 
Rejecting the H0 would mean there were significant differences in the quality of 
the borehole/tap water and the container-stored water sourced from it. 
? If the quality of water improved when stored at home, it would mean that the 
factors surrounding the storage container were somehow contributing to the 
improvement; 
? If container-stored water proved to be more contaminated than the source 
(borehole and tap) water, the opposite applies. 
2.4.4 STEP FOUR: Comparing the pre-intervention container water quality 
of the Intervention group to that of the Reference group 
The reason for this step was to determine whether the water that the Intervention 
people were consuming before the intervention, differed significantly from that 
which the Reference group would have been consuming all along.  This was 
done to benchmark what the water quality at the point of consumption should be 
(the taps) and how far from this the quality was of the water that the Intervention 
group was using. 
The Statistical Approach used in Step Four  
Data were analysed by variance testing using the Mann-Whitney test (Appendix 
B, Section 8). 
The Zero hypothesis (H0) for this approach was that there would be no 
significant difference in quality of water consumed from the containers of the 
Intervention group before the intervention to that of the water quality consumed 
from containers of the Reference group. 
Accepting H0 would mean that the pending intervention was probably not really 
essential in the context of health-related microbiological quality. 
Rejecting the H0 would mean:  
? If the quality of water in the containers of the Intervention group was better 
than that of the Reference group, some intervention has to be designed to 
rather help the reference group; 
? If the quality of water in the containers of the Intervention group was worse 
than that of the Reference group, the intervention was probably needed. 
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2.4.5 STEP FIVE: Comparing container-stored water of the Intervention 
group “before” and “after” the intervention  
As indicated in Chapter 1, Section 5.1, communal standpipes were eventually 
brought into operation.  The Intervention group was now also using taps. 
In this step container-stored water quality of the Intervention group after the 
intervention was compared to that of the group before.  The reason for this step is 
to determine whether the intervention brought about any significant change.  
The Statistical Approach used in Step Five  
Data were tested for variance using the Wilcoxon test for paired data 
(Intervention group before and after). 
The Zero hypothesis (H0) for this approach was that there would be no 
significant difference in the water quality of container-stored water of the 
Intervention group before and after the intervention. 
Accepting the H0 would mean that the intervention did not significantly change 
the situation. 
Rejecting the H0 would mean there were significant differences in the 
Intervention group’s quality of the container water sourced from the river / canal 
source and tap water supply. 
? If the quality of the Intervention group “before” was worse than “after” the 
intervention, then the water supply intervention was worthwhile and; 
? If “after” the intervention the water quality got worse, then the water supply 
infrastructure was wasted due to factors not considered beforehand. 
2.4.6 STEP SIX: Comparing container-stored water of the Intervention 
group “after” the intervention to that of the Reference group  
In this step, container-stored water quality of the Intervention group after the 
intervention was compared to that of the Reference group.  The reason for this 
was to determine whether the intervention brought improvements in water quality 
to a level comparable with the Reference group.  The health-related 
microbiological water quality of the full complement of study households was 
described in terms of the Water Safety Parameters discussed in Section 2.5.3 
below. 
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The Statistical Approach used in Step Six  
Data was tested for variance using the Mann-Whitney test for the unpaired data 
of the Intervention and Reference groups (Appendix B, Section 8). 
The Zero hypothesis (H0) for this approach was that there would be no 
significant difference in the water quality of container-stored tap water of the 
Intervention group after the intervention and the container-stored tap water of the 
Reference group. 
Accepting the H0 would mean that the intervention did significantly change the 
Intervention group waters to a quality that is the same to that of the Reference 
group waters. 
Rejecting the H0 would mean there were significant differences in the 
Intervention group’s quality of the container water sourced from the newly 
commissioned taps and Reference group tap water. 
? If the quality of the Intervention group was better than that of the Reference 
group, it would mean that there were factors surrounding the way in which 
the Intervention group is now dealing with their newly-found water supply 
and sourcing now probably more effective than that of the Reference group; 
? If the quality of the Intervention group was worse than that of the Reference 
group, then the opposite hold i.e. the Reference group was dealing with their 
situation more effectively.  
2.4.7 STEP SEVEN: Comparing container-stored tap water of the 
Folovhodwe people after one year of use to the water quality directly 
after commissioning of the taps 
A randomly selected sample of 28 households from the original 100 households 
of the study group was visited after one year from commissioning of the taps.  
Water samples were taken from these households, analysed and the results 
compared to the data in the tap water data base consisting of combined data of 
all tap water samples taken in Folovhodwe just after the intervention.  The water 
samples were taken from both groups, with 18 and 10 households for the 
Intervention and Reference groups respectively. 
The reason for doing this was to determine whether any significant changes in 
the water quality existed after one year of using tap water, if any, whether these 
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were related to issues of sustainability.  
The Statistical Approach used in Step Seven  
Data was analysed by testing for variance using the Mann-Whitney test 
(Appendix B, Section 8). 
The Zero hypothesis (H0) was that there would be no significant difference in 
quality of container-stored tap water directly after and one year after the 
intervention. 
Accepting the H0 meant that the people of Folovhodwe are dealing with their 
tap-sourced water in the same way that they were directly after the intervention. 
Rejecting the H0 would mean that if there were any changes in water quality, it 
would mean that the water-handling practices at home have brought changes 
(either improvement or deterioration) one year after the intervention. 
2.5 MICROBIOLOGICAL ANALYSES 
The health-related microbiological water quality was the fundamental aspect of 
this study.  Water samples were collected at various points from the respective 
water sources as well as from the containers of each study-household and its 
quality assessed to determine whether the people drinking water from these 
sources were exposed to risks of infection, especially the Intervention group. 
2.5.1 Water Sampling 
For this study a total of 286 samples in ten months were collected.  Sampling and 
analyses sessions were conducted every six weeks over a period of ten months.  
Water samples were collected in sterile containers and transported at 
temperatures below 10ºC to a temporary laboratory that was set up near 
Folovhodwe for the duration of each visit.  Analyses were done within 2 hours on 
the same day of collection since the holding time for drinking water samples 
should not exceed 30 hours (APHA, 1998). 
2.5.2 Methods Of Analyses 
QuantiTray®-Colilert 18 (Appendix A) was used to enumerate total coliforms and 
Escherichia coli. 
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2.5.3 Water Quality Safety Parameters 
The following water quality safety parameters were used: 
? Total coliforms: The Assessment Guide Volume 1: Quality of Domestic 
Water Supplies (WRC, 1998) and South African Water Quality Guidelines: 
Vol. 1; Domestic Water (DWAF, 1996); 
? Escherichia coli: Guidelines for Drinking Water Quality (World Health 
Organisation (WHO), 2004b); 
? Compliance levels of total coliforms and E. coli according to the SABS Code 
241, (2001). 
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Chapter 3 
Results and Discussion 
This chapter is divided into sections according to the various steps shown in the 
study design (Figure 2.2) in Chapter 2.  Indicator results are summarised in tables 
and illustrated by graphs.  The data presented reflects the source waters as well 
as container-stored water quality for both the Intervention and Reference groups. 
3.1 THE SOURCE WATERS OF THE INTERVENTION AND REFERENCE 
GROUPS 
This section compares results generated from Step One of the study design 
(Chapter 2; Section 2.4).  It gives a general overview of the health-related 
microbiological water quality of all the surface water sources (river and canal) as 
well as groundwater (borehole and related taps) source (not container water, this 
is discussed in later Sections) assessed in this study. 
3.1.1 Total coliforms 
Table 3.1.1 shows the numbers of total coliforms in the waters at the various 
sources (River, Canal, Borehole, Taps) sourced by people in the Intervention and 
Reference groups for their daily household purposes.  The table also shows that 
significant differences existed between the water quality of the surface and 
groundwater sources.  The zero-hypothesis was therefore rejected. 
Table 3.1.1: Log total coliform numbers in water of the Nwanedi River, its Canal, the Borehole 
and from Taps 
 n 
Log 
Mean 
95% CI of 
the Mean  
95th 
Percentile 
Min Max 
ANOVA on Ranks 
(Kruskal-Wallis) 
River 31 4.03 0.24 5.60 2.27 5.79 
Canal 20 3.41 0.46 5.06 1.36 5.64 
Borehole 8 -0.32 1.00 2.42 ND 2.42 
Taps 21 -0.28 0.56 2.29 ND 2.99 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
ND = Not detected 
A multi comparison procedure (MCP as described in Appendix B) determined 
which water source(s) differed significantly from the others. 
Table 3.1.1 shows that the total coliform numbers in waters used by the 
Intervention group (river and canal users) were significantly higher than those of 
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the Reference group using tap waters sourced from a borehole. 
This is shown by Figure 3.1.1.  The yellow line in a box is the geometric mean 
(mean of the logs) line for natural numbers.  The sentinel value discussed in this 
chapter is however, the topmost black dot of the respective boxes which is the 
95th percentile.  For boxes with no black dot, the topmost notch will be the 
compliance level at the 95th percentile (Appendix B).  The notch should ideally be 
below the minimum level for “Insignificant chance of infection” (the green line 
showing the compliance level), as proposed in the Assessment Guide for Quality 
of Domestic Water Supplies (WRC, 1998).  This is discussed in more detail in the 
sections below. 
Figure 3.1.1: Total coliforms in waters of the Nwanedi River, its Canal, the Borehole and from Taps 
River Canal Borehole Tap
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A possible reason for what Figure 3.1.1 reflects is that although source waters 
were not treated before use, the Intervention group’s surface water sources, 
being a river and open canal, was unprotected and therefore more likely to 
become contaminated by organic matter as opposed to the Reference group’s 
protected groundwater sources.  In studies conducted in Africa and India, Carter 
(1996) in a study of water supply programmes in less developed countries found 
that water from the groundwater sources (drilled wells) were less contaminated 
than the surface waters.  
Activities that could lead to pollution of the river/canal water were observed.  
These included the washing of clothes by people as well as activities in the river 
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by animals, especially cattle, defecating in water as these animals tend to do 
whilst drinking (Jagals, 2000).  These activities are likely to cause high levels of 
total coliforms in surface water sources.  Although contamination of the 
groundwater was indicated by the occurrence of total coliforms, this was 
significantly lower than the surface waters. 
Table 3.1.1 further shows that there was no significant difference in total coliform 
numbers from water sourced from the Nwanedi River and its irrigation canal.  The 
reason could be that Nwanedi River is feeding into the canal, and that factors 
(discussed later in Section 3.8.1 of this Chapter) in the canal itself played no 
significant role in reducing the total coliform numbers. 
The same (no difference) was shown for the borehole and tap water, showing 
here that the pipe distribution system played no significant role in the slight 
contamination shown in Figure 3.1.1. 
3.1.2 Escherichia coli 
Table 3.1.2 shows that, as with the total coliforms, there was a statistically 
significant difference in the E. coli numbers of the two groups’ water sources.  
The river and related waters (irrigation canals) were considerably more 
contaminated than the borehole groundwater and related tap waters.  No E. coli 
were detected in the borehole groundwater.  One sample of the 21 tap water 
samples contained 1 presumptive E. coli.  This was not statistically significant in 
terms of median occurrence nor did it imply exceeding of compliance levels as it 
was outside of the 5% samples that may contain E. coli (South African Bureau 
Standards (SABS), 2001). 
Table 3.1.2: Log E. coli numbers in water of the Nwanedi River, its Canal, the Borehole and 
from Taps 
 n Log Mean 
95% CI of 
the Mean 
95th 
Percentile 
Min Max 
ANOVA on Ranks 
(Kruskal-Wallis) 
River 31 2.18 0.42 3.79 -3.00 4.60 
Canal 18 2.37 0.34 3.69 1.00 3.82 
Borehole 8 ND 0.00 ND ND ND 
Taps 21 0.95 0.10 -0.1 ND 0 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
ND = Not detected  
Figure 3.1.2 confirms that waters from the surface water sources differed 
significantly from those from the groundwater sources.  The results also show 
that there is no significant difference in E. coli numbers for the Nwanedi River and 
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its irrigation canal, probably for the same reasons expressed for the total 
coliforms.  The same applied to the Reference group sources – borehole and tap. 
Significant differences (P=0.001) between the surface and groundwater sources 
for E. coli numbers are shown in Figure 3.1.2. 
Figure 3.1.2: E. coli in waters of the Nwanedi River, its Canal, the Borehole and from Taps 
River Canal Borehole Tap
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3.1.3 Discussion on compliance 
In this study, the health-related risk limits used for total coliforms are those of the 
SABS, 2001, the Assessment Guide for Quality of Domestic Water Supplies 
(WRC, 1998) and the South African Water Quality Guidelines (DWAF, 1996).  
There was a statistically significant difference between the Intervention and 
Reference groups (P ≤ 0.001) for both total coliform and E. coli. 
Figure 3.1.1 shows that a risk of infection continued to exist in all the water 
sources, although lower for the borehole and tap water.  Total coliform numbers 
at the 95th percentile were above the minimum limit for clinical infections common 
and serious health effects (WRC, 1998) for borehole and tap waters and the river 
and canal waters respectively.  For the microbiological safety of drinking water, 
the SABS Code 241 (2001) stipulates 0 total coliform bacteria per 100mℓ and 
therefore the quality of all four source waters constitute non-compliance for the 
suitability of the water for drinking.  According to DWAF (1996), total coliform 
numbers at the 95th percentile exceeded the level of increased risk of infectious 
disease transmission at >100 (dark yellow line in Figure 3.1.1) organisms per 
100mℓ for all the various source waters. 
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There is more reason for concern about the numbers of E. coli.  These are 
indicators of pollution of faecal origin and therefore indicate hazardous pollution 
that could pose a serious infection risk to the consumers.  The World Health 
Organisation Drinking Water Quality Guidelines (2004b) stipulate that drinking 
water samples should contain no Escherichia coli.  Figure 3.1.2 shows that the 
water quality in all the water sources except the borehole, did not comply with the 
WHO Guidelines.  The SABS Code 241 (2001) stipulates that no E. coli should 
be detected in 95% of drinking water samples from tap water supply.  Figure 
3.1.2 shows that there was a low incidence of E. coli pollution which may have 
rendered the water unsuitable for human consumption at the 95th percentile.  
However, this is uncertain.  While the tests for E. coli are reported to be quite 
unequivocally E. coli (Sartory, 2005), results could still contain false positives, 
meaning that this one E. coli could have been another coliform type – of non-
faecal origin. 
3.2 SOURCE AND CONTAINER-STORED WATERS OF THE 
INTERVENTION GROUP “BEFORE” THE INTERVENTION 
Because of their differences being not significant, the quality data for the river and 
canal waters were combined (referred to as “river water” from here on) and 
compared to the quality data of the same waters in storage containers.  This step 
of combining river/canal water quality data was undertaken for the purpose of 
measuring any changes in quality between sources and point of consumption (in 
storage containers). 
This section therefore shows results generated in Step Three of the study design 
(Chapter 2; Section 2.4) as well as changes (if any) of the water quality of the 
source water of the Intervention group after collection and while being stored and 
used at home - meaning whether the container-storing situation had any effect on 
reducing or increasing the level of indicator organisms during home storage. 
3.2.1 Total coliforms 
Total coliform numbers were significantly higher in the river (source) than at home 
in storage containers (Table 3.2.1 and Figure 3.2), and the zero-hypothesis was 
rejected. 
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Table 3.2.1: Log total coliform numbers in source and pre-intervention container-stored river 
water 
 n 
Log 
Mean 
95% CI of 
the Mean  
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Source water 49 3.80 0.23 5.64 1.36 5.79 
Container water 70 3.02 0.22 3.99 -0.24 5.38 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
The decrease in total coliform numbers in container water was probably due to 
bacterial die-off during storage in the containers (Egwari and Aboaba, 2002; 
Piriou et al., 1997). 
3.2.2 E. coli 
The zero hypothesis was also rejected here as Table 3.2.2 shows a significant 
decrease in E. coli numbers in the water from the river once it got stored at home.   
Table 3.2.2: Log E. coli numbers in source and pre-intervention container-stored river water 
 n Log Mean 
95% CI of 
the Mean  
95th 
Percentile 
Min Max Rank Sum  
(Mann-Whitney) 
Source water 49 2.25 0.29 3.82 -3.00 4.60 
Container water 70 1.98 0.217 3.45 ND 5.08 
Significant difference 
(P = 0.050) 
H0 rejected 
Again the reason for the decrease could probably be as a result of the same 
reasons expressed for the total coliforms - the natural die-off of microorganisms 
during storage.  Figure 3.2 shows the significant differences between the source 
and the container-stored river water used by the Intervention group. 
Figure 3.2: Indicator bacteria in river source waters and in the container used to source and store it
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3.2.3 Discussion on compliance 
Although there was a significant decrease in indicator organism numbers in the 
container-stored water, the results show that the water was polluted during 
storage, which explains the continued non-compliance to the guidelines (WHO, 
2004b; SABS, 2001; WRC, 1998) after collection and during storage at home. 
Total coliforms are generally used as process indicators, meaning these are used 
to indicate efficiency of a treatment system as well as a distribution system (post-
treatment) to maintain suitable health-related microbiological water quality 
(SABS, 2001; Payment et al., 2003).  In this study the use of domestic water 
storage containers were seen as a distribution system, which called for the use of 
total coliforms in the quality assessment of the river waters (Chapter 1, Section 
4.1.1).  The interpretation of the occurrence of the total coliform numbers in the 
river is done in the General Discussion (Section 3.8 below).  Although there was 
a decrease (0.5 log reduction) at the 95th percentile in the numbers of total 
coliforms from the raw river water to the same water used later on from the 
containers, total coliforms from both the source and container waters still 
exceeded the limit for serious health effects (WRC, 1998), and in terms of the 
SABS Code 241 (2001), the water was not microbiologically safe.   
The container distribution system did play a role in reducing total coliform 
numbers but it was not sufficient.  The water was not suitable for drinking. 
According to the WHO (2004b) and SABS Code 241 (2001) no E. coli should be 
detected in drinking water (0 organisms/100mℓ) in 95% of the samples.  
Measured against this parameter, both the source and container waters 
contained E. coli numbers considerably above compliance levels. 
3.3 SOURCE AND CONTAINER-STORED WATERS OF THE REFERENCE 
GROUP 
As with Section 3.2, this section (Step Four of the study design) assessed any 
changes in the HRMWQ of the source water of the Reference group after 
collection and during storage at home – in other words, did the process of storing 
water bring any changes in the quality of container-stored water? 
The borehole and tap water quality data were also combined (referred to as “tap 
water” throughout the study) for comparison with quality data of these source 
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waters in storage containers. 
3.3.1 Total coliforms 
Table 3.3.1 compares total coliform results between tap and container-stored tap 
water used by the Reference group.   
Table 3.3.1: Log total coliform numbers in source and container-stored tap water 
 n Log Mean 
95% CI of 
the Mean 
95th 
Percentile Min Max 
Rank Sum 
(Mann-Whitney) 
Source 29 -0.29 0.46 2.45 ND 2.99 
Containers 64 1.51 0.31 3.32 ND 3.38 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
The zero-hypothesis was rejected but not for the same reasons as that of the 
Intervention group.  In this case there were significant increases in the level of 
total coliforms of container-stored water.  The increase could be as a result of 
several hygiene factors especially in the domestic environment and these factors 
are discussed in the General Discussion (Section 3.8). 
3.3.2 E. coli 
Table 3.3.2 and Figure 3.3 show significant increases in E. coli numbers of 
container-stored water.  As with total coliforms, the results indicated that there 
was faecal contamination of the water in the containers.  
Table 3.3.2: Log E. coli numbers in source and container-stored tap water 
 n 
Log 
Mean 
95% CI 
of the 
Mean  
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Source 29 -0.97 0.07 -0.95 ND 0 
Containers 64 -0.44 0.21 0.96 ND 2.32 
Significant difference 
(P ≤ 0.010) 
H0 rejected 
This suggests either domestic domain contamination or bacterial growth inside 
the container, as was also found by others in studies done in South Africa 
(Ntsherwa, 2004) and in Malawi (Swerdlow et al., 1992).   
The water collected for domestic use could have become contaminated by 
storage and handling practices in the households, such as poor hygiene 
maintenance of storage containers.  These hygiene factors are discussed in the 
General Discussion. 
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Figure 3.3: Indicator bacteria in groundwater sources and in the container used to source and store it
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3.3.3 Discussion on compliance and risk 
Total coliforms and E. coli numbers at the 95th percentile in both the source and 
container waters did not comply with guidelines (WHO, 2004b; WRC, 1998).  
Judging by the results for total coliforms it appeared that container-stored water 
was still being contaminated in the domestic environment despite the use of a 
water source of improved microbiological quality.  Total coliforms of stored water 
of the Reference group still offered a risk of serious health effects when 
consumed and clinical infections at the source in tap water (WRC, 1998). 
World Health Organisation Guideline values of nil (zero) E. coli per 100mℓ were 
not met.  E. coli numbers in tap and container-stored tap water were above the 
risk limit for safe water consumption (WHO, 2004b), which means that the 
consumers were potentially exposed to risk of infection. 
3.4 PRE-INTERVENTION CONTAINER WATER QUALITY OF THE 
INTERVENTION GROUP COMPARED TO CONTAINER WATER 
QUALITY OF THE REFERENCE GROUP 
This comparison was undertaken to establish the extent to which the Intervention 
group, which was at this stage (before intervention) still using unprotected surface 
water sources, were exposed to water of poorer quality from their containers 
compared to the Reference group at the time using water from protected 
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groundwater sources in theirs.  This section reflects results generated from Step 
Five of the study design in Chapter 2. 
3.4.1 Total coliforms 
Table 3.4.1 shows significantly lower numbers (zero-hypothesis not accepted) in 
total coliforms numbers of container-stored water of the Reference group.   
Table 3.4.1: Log total coliforms in pre-intervention container-stored river water of the 
Intervention group and container-stored tap water of the Reference group 
 n 
Log 
Mean 
95% CI 
of the 
Mean  
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Pre-intervention container 
river water 
70 3.02 0.22 3.99 -0.24 5.38 
Reference group container 
tap water 
64 1.51 0.31 3.32 ND 3.38 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
The reason for lower total coliform numbers in container-stored tap water of the 
Reference group could be associated with the use of a water supply (tap) of a 
better microbiological quality as compared to the Intervention group source water. 
3.4.2 E. coli 
E. coli numbers were significantly lower in container-stored tap water of the 
Reference group as indicated in Table 3.4.2. 
Table 3.4.2: Log E. coli numbers in pre-intervention container-stored river water of the 
Intervention group and container-stored tap water of the Reference group 
 n 
Log 
Mean 
95% CI of 
the Mean 
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Pre-intervention container 
river water 
70 1.96 0.22 3.45 ND 5.08 
Reference group container 
tap water 
64 -0.44 0.21 0.96 ND 2.32 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
These lower numbers of E. coli of the Reference group container-stored water 
could be as a result of the same reasons expressed for the total coliforms, the 
use of tap water. 
Figure 3.4 shows the significantly lower total coliform and E. coli numbers in the 
containers of the Reference group. 
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Figure 3.4: Indicator bacteria in container-stored pre-intervention river- and groundwater  
3.4.3 Discussion on exposure 
The introduction of borehole water instead of river water meant reduced total 
coliform numbers in container-stored water of the Reference group.  Even though 
a reduction was observed, results show that at the 95th percentile container-
stored water for both groups would expose consumers to infection risks as 
described in the various guidelines.  
Making use of the Water Research Commission guidelines (WRC, 1998), 
consumers were exposed to a risk of serious health effects and according to 
DWAF (1996) people that consume water with indicator organisms (total coliform) 
at >100 per 100mℓ would be exposed to an increased risk of infectious disease 
transmission.  Based on this, it appears that the people in Folovhodwe were still 
consistently being exposed to unsafe water for consumption, but that the 
Reference group’s exposure was less. 
In terms of WHO (2004b) and SABS Code 241 (2001), E. coli numbers in 
container-stored water of both the Intervention and Reference group were well 
above the risk limit for safe water consumption.  People from the Intervention 
group “before” the water supply intervention as well as the Reference group tap 
water users were still exposed to a risk of infection, even if that of the Reference 
group was significantly lower. 
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3.5 CONTAINER-STORED WATER OF THE INTERVENTION GROUP 
“BEFORE” AND “AFTER” WATER SUPPLY INTERVENTION  
The Sixth Step of the study design (Chapter 2, Section 4) is reflected in this 
section, to assess container-stored water of the Intervention group before and 
after water supply intervention.  This step was undertaken to see whether the 
change in quality (brought about by enabling access to an improved water 
supply) lessened the risk to which the people were exposed to “before” the 
intervention.  For the purpose of this section, water quality data of 48 paired 
households were used to compare the “before” and “after” situation. 
3.5.1 Total coliforms 
There was a statistically significant decrease in total coliform numbers in the 
container-stored tap water “after” the intervention as shown in Table 3.5.1. 
Table 3.5.1: Log total coliform numbers of container-stored waters of the Intervention group 
“before" and “after” the intervention 
 N 
Log 
Mean 
95% CI of 
the Mean 
95th 
Percentile 
Min Max 
Signed Rank 
(Wilcoxon) 
Container river (B) 48 3.06 0.25 4.26 -0.24 5.38 
Container tap (A) 48 0.50 0.37 2.67 ND 3.02 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
(B) – before the water supply intervention; (A) – after the water supply intervention 
As expected this decrease (2.5 log reduction) in total coliform numbers was 
associated with stored water being sourced from a protected supply (taps) of 
which the water is of a vastly improved microbiological quality. 
3.5.2 E. coli 
As with the TC’s, Table 3.5.2 show a significant decrease in the E. coli levels 
following the use of tap water in containers by the Intervention group. 
Table 3.5.2: Log E. coli numbers of container-stored waters of the Intervention group “before" 
and “after” the intervention 
 n 
Log 
Mean 
95% CI of 
the Mean 
95th 
Percentile 
Min Max 
Signed Rank 
(Wilcoxon) 
Container river (B) 48 2.01 0.28 3.67 ND 5.08 
Container tap (A) 48 -0.57 0.22 1.17 ND 1.98 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
These results indicate that despite lower E. coli numbers “after” the intervention, 
faecal contamination of container-stored water continued to take place.  As with 
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total coliforms, this was probably also as a result of poor hygiene practices 
around stored water, especially if people come into contact with human or animal 
waste and then touch water in storage containers without washing their hands, 
thereby contaminating the water. 
Figure 3.5 shows the indicator numbers in container-stored waters of the 
Intervention group “before” and “after” the water supply intervention. 
Figure 3.5: Indicator bacteria in container-stored water of Intervention group before and after intervention
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3.5.3 Discussion on exposure and risk 
The results show that total coliforms in container-stored waters “before” the 
intervention would expose consumers to the risk of serious health effects and 
“after” intervention although lower there was still a risk of clinical infections 
common (WRC, 1998) at the 95th percentile.  In terms of the South African Water 
Quality Guidelines (DWAF, 1996), the risk of transmission of infectious disease 
after the intervention in container-stored water continues despite the water supply 
intervention. 
For E. coli, access to tap water by the Intervention group definitely appears to 
play a role in reducing the risk of the study population from consuming unsafe 
water.  However, a negative outcome was that E. coli numbers exceeded 
compliance at the 95th percentile (SABS Code 241, 2001), indicating that users 
were still exposed to a risk of infection even with the significantly lower E. coli 
numbers in the source (tap) water “after” the intervention.  Total coliform and 
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E. coli numbers in containers “before” and “after” the intervention indicate that 
consumers are still exposed to microbiologically unsafe water. 
It appears that despite the use of improved water supply, water eventually used 
from these containers was still not suitable for human consumption in terms of 
current guidelines. 
3.6 CONTAINER-STORED WATER QUALITY OF THE INTERVENTION 
GROUP “AFTER” THE INTERVENTION COMPARED TO THAT OF 
THE REFERENCE GROUP  
This step (Step Seven) was undertaken to determine whether the health related 
microbiological water quality of the two groups was now similar since the sourced 
water in storage containers was now from the same water source (untreated but 
protected groundwater) supplied via taps.  
3.6.1 Total coliforms 
Table 3.6.1 shows significantly more total coliform numbers in container-stored 
tap water of the Reference group.   
Table 3.6.1: Log total coliform numbers in container-stored tap water of the Intervention group 
“after” and Reference group container-stored water 
 n 
Log 
Mean 
95% CI of 
the Mean 
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Container tap (after Intervention) 111 0.64 0.287 3.02 ND 3.60 
Container tap (Reference)  64 1.51 0.307 3.32 ND 3.38 
Significant difference 
(P ≤ 0.001) 
H0 rejected 
It was unexpected that there would be significant difference in container-stored 
water used by the Intervention and Reference groups since this water was 
sourced from the same tap water supply.  There were probably factors 
surrounding the way in which the Intervention group was dealing with their newly-
found water supply and collection that were probably more effective than that of 
the Reference group.  These factors are discussed in the General Discussion 
(Section 3.8). 
3.6.2 E. coli 
The presence of E. coli indicates some form of faecal contamination to the 
container-stored water.  Unlike with total coliforms, the results in Table 3.6.2 
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show no significant difference (zero-hypothesis accepted) in E. coli numbers of 
container-stored water sourced from the taps of the Intervention and Reference 
groups.  This outcome (no significant difference) was expected since container-
stored water of both groups was sourced from the same supply. 
Table 3.6.2: Log E. coli numbers in container-stored tap water of the Intervention group “after” 
and Reference group container-stored water 
 n 
Log 
Mean 
95% CI 
of the 
Mean  
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Container tap (after 
Intervention) 
111 -0.43 0.20 1.94 ND 3.38 
Container tap (Reference) 64 -0.44 0.21 0.96 ND 2.32 
No significant difference 
(P = 0.566) 
H0 accepted 
Figure 3.6 shows the indicator numbers in container-stored waters of the 
Intervention (after the intervention) and Reference groups. 
Figure 3.6: Indicator bacteria in container-stored tapwater of the Intervention group after 
                  the intervention and container-stored groundwater of the Reference group
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3.6.3 Discussion on exposure and infection risk 
Despite lower total coliform numbers in container-stored water consumed by the 
Intervention group, stored water still presented a risk of serious health effects 
when consumed (WRC, 1998).  Generally, people from both the groups were still 
exposed to water not suitable for consumption, even after the intervention. 
For E. coli, the 95th percentiles were >100 organisms in container-stored water of 
the Intervention group and >10 organisms in the Reference group stored water.  
This shows that if the people drink water from these containers, they could be 
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exposed to a risk of infection (WHO, 2004b) and therefore microbiologically 
unsafe water was consumed according to the SABS Code 241 (2001). 
The water in the storage containers of households in the Folovhodwe village 
currently sourced from taps still exposes them to risk. 
3.7 THE WATER QUALITY AT POINT OF CONSUMPTION ONE YEAR 
AFTER TAP WATER USE 
After one year of using tap water, the health related microbiological water quality 
in containers used by the study population was once more assessed for changes 
(All Folovhodwe residents are currently collecting water from taps).  A once-off 
sample of the source water (groundwater) quality after one year, showed zero 
counts for both E. coli and total coliforms numbers.  Step Eight of the study 
design (Chapter 2; Section 4) is reflected in this section. 
3.7.1 Total coliforms 
The results show that the level of total coliforms in container-stored tap water 
increased significantly when measured after one year (zero-hypothesis not 
accepted) as indicated in Table 3.7.1. 
Table 3.7.1: Log total coliform numbers in the container-stored tap water “after” and container-
stored water in Folovhodwe one year later 
 n 
Log 
Mean 
95% CI of 
the Mean  
95th 
Percentile 
Min Max 
Rank Sum  
(Mann-Whitney) 
Container tap 111 0.64 0.29 3.02 ND 3.60 
Container tap (FU) 28 1.68 0.60 4.04 ND 4.22 
Significant difference 
(P = 0.003) 
H0 rejected 
Container tap (FU) = container tap water followed-up (FU) after one year 
The fact that the contaminated container-stored water is still sourced from the 
same uncontaminated water supply implies that the way water is handled during 
collection, storage and use could be the cause of the contamination. 
For source water quality after one year, a once-off sample was taken from the 
borehole groundwater and there were zero counts for both E. coli and total 
coliforms numbers.  It was assumed that even the water from related taps were of 
good quality and any further contamination in container-stored water was related 
to poor water-handling practices at home. 
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3.7.2 E. coli 
Results in Table 3.7.2 show no significant increase (zero-hypothesis accepted) in 
E. coli numbers one year after the intervention. 
Table 3.7.2: Log E. coli numbers in the container-stored tap water “after” and container-stored 
water in Folovhodwe one year later 
 n 
Log 
Mean 
95% CI of 
the Mean 
95th 
Percentile 
Min Max 
Rank Sum 
(Mann-Whitney) 
Container tap 111 -0.43 0.20 1.94 ND 3.38 
Container tap (FU) 28 -0.48 0.41 2.41 ND 2.54 
No significant difference 
(P = 0.842) 
H0 accepted 
FU: Follow Up after one year of using tap water 
However, container-stored water is evidently continuing to be still contaminated 
by some form of faecal material after one year, as indicated by the E. coli 
numbers.  Figure 3.7 shows the differences of the indicator bacteria in container-
stored water directly after intervention and one year later. 
Contamination routes such as the use of unclean and faecally contaminated 
scooping utensils might have introduced faecal material into stored water.  This is 
discussed further in the General Discussion (Section 3.8). 
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Figure 3.7: Indicator bacteria in container-stored tap water after the intervention and one year later
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3.7.3 Discussion on possible risk 
E. coli numbers at 95th percentile exceeded those stipulated in the guidelines, the 
water from these containers were above the required limits and thus pose a risk 
of infection to the consumers. 
According to WRC (1998), at the 95th percentile total coliforms of stored water still 
offer a risk of serious health effects when consumed and in terms of the SABS 
Code people were at the risk of consuming microbiologically unsafe water.  Total 
coliforms in these waters, in terms of the South African Water Quality Guidelines 
(DWAF, 1996), expose the consumers to the risk of transmission of infectious 
disease (>100 organisms per 100mℓ) and this risk continues, after one year, to be 
substantial despite the water supply intervention.   
Therefore, people drinking water from the containers used by the Intervention 
group just after the taps were commissioned and one year later are exposed to a 
risk of infection (WHO, 2004b) as described in the guidelines from consuming 
water not suitable for drinking. 
3.8 GENERAL DISCUSSION 
3.8.1 Source waters of the Intervention and Reference groups 
The health-related microbiological water quality (HRMWQ) of all the source 
waters used by the Intervention and Reference groups was assessed. 
Rural areas are considerably disadvantaged as far as sources of drinking water 
are concerned (Schouten and Moriarty, 2003).  In the study area, natural waters 
such as rivers were the main source of drinking water for a long time.  Tap water 
was recently made available and was sourced from groundwater.  Analyses of 
the health-related microbiological water quality of these major sources of their 
domestic water supply showed, that there were significantly lower total coliform 
numbers in groundwater than in the surface water sources.  This was to be 
expected, as similar findings were also reported from other studies by several 
authors (Carter, 1996; American Groundwater Trust, 2003). 
The reason for the decrease (although not significant) within the canal water can 
be ascribed to the fact that the canal is much shallower than the river and the 
water flowing in it is more exposed to sunlight.  The UV in sunlight contributes to 
the die-off of microorganisms (Khayyat, 1999).  The other reason could be that 
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there were not as many activities (human and animal) in the canal as with the 
river where people washed or animal’s drinking water or crossing the river.  
Therefore, because there is no significant difference in river and canal water 
quality, it really did not matter where the Intervention group people got their water 
from - river or canal. 
Venter et al. (1996) reported that total coliforms in excess of 20,000 organisms 
per 100 mℓ indicate that the water may be difficult to home-treat to within levels 
for the water to be suitable for drinking.  Total coliforms detected in the water 
samples from the Nwanedi River and its canal numbered into Log-phase 5 
(>100,000 organisms per 100mℓ).  This indicates total unsuitability for use even 
with home treatment.  In the case of the Folovhodwe people, home treatment was 
not even done.  Other studies Wright et al. (2004) and Egwari et al. (2002) found 
that the reduction in total coliforms appeared to be due to the time that the water 
stood in containers. 
There were activities taking place at these water sources especially at the river, 
such as animals drinking (and often defecating in the water) that would contribute 
to increased levels of E. coli in the water.  The World Health Organisation (WHO) 
guidelines as well as the South African Bureau of Standards (SABS, 2001) 
specifications stipulate a maximum limit of 0 organisms per 100mℓ even for raw 
water used as a drinking water supply (WHO, 2004b; SABS, 2001). 
One problem is that protected or improved sources, such as boreholes and 
treated tap water supplies can still be contaminated, especially if the piping 
systems (reticulation) are worn out and there are leakages, therefore delivering 
water of poor microbiological quality (Mujwahuzi, 2002).  This is indicated by the 
presence of faecal pollution (E. coli) in tap water, but not in borehole water at the 
point of supply. 
Although the borehole/tap water was not as polluted as surface water sources, 
the results indicate that these water sources are still exposed to some form of 
pollution.  As with the Intervention group water sources, there was no significant 
difference in the Reference group sources, therefore the distribution system 
(taps) played no significant role in changing the quality of the water at the supply 
point.   
According to Beck et al. (2004), all rural groundwater sources are used for 
drinking without treatment.  The Environmental Protection Branch (2003) reports 
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that even though total coliforms are generally harmless, their presence is an 
indication that other harmful organisms and contaminants may be present in 
drinking water and therefore, has set a drinking water standard for groundwater 
sources (including drilled wells) of zero for both E. coli and total coliforms.   
Judging by the results of all the water sources, the microbiological quality of the 
water sourced by the people from the Intervention group before the intervention 
and Reference group groundwater supplied at the taps were above the risk limits, 
which rendered the water unsafe for human consumption. 
3.8.2 River and container-stored river water 
The changes (if any) of the health-related microbiological water quality of the 
source water of the Intervention group after sourcing and during storage and use 
at home are reflected in this section.  Studies done in Nigeria (Egwari and 
Aboaba, 2002) and Zimbabwe (Root, 2001) found that overnight storage in 
earthenware containers led to a marked fall in coliforms in the stored water.  This 
is ascribed to a natural process of bacterial die-off because of the low-nutrient 
environment in containers, as well as the absence of suitable growth 
temperatures (Wright et al., 2004). 
The results for total coliforms and E. coli of the source and container-stored river 
waters of the Intervention group imply that that some other factors might be the 
cause of the reduction. For instance, Roberts et al. (2001) and Kumar and 
Harada (2002) reported that appropriate storage at home can maintain or even 
improve the quality of drinking water and so reduce the burden of diarrhoeal 
diseases even without treatment.  It appears that properly protected water in 
storage containers will generally improve in microbial quality.  
Therefore, the distribution system (in this case container) during water storage 
played a role in reducing the numbers of indicator bacteria of the Intervention 
group container-stored river water. 
The river water was directly used for domestic purposes including drinking which 
implied that water quality at these sources should be managed.  According to 
Venter et al. (1996) a limit of 20,000 total coliforms per 100 mℓ was proposed for 
raw water to be treated by conventional water treatment methods.  Although no 
conventional treatment was used, the process of water storage in containers 
which reduced the numbers of organisms by natural die-off, was considered to 
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improve the quality of such stored water.  However, the river water could still be 
difficult to treat for it to be suitable for drinking. 
The quality of water after storage in these containers was improved but the total 
coliform and E. coli numbers were still not be reduced to the level that would 
make the water suitable for drinking. 
3.8.3 Tap and container-stored tap water 
As with section 3.8.2, the quality of the Reference group tap water at source was 
compared to stored water.  Previous studies (Water Supply and Sanitation 
Collaborative Council, 2000; Gazzinelli, 1998) have documented that due to the 
difficulties in accessing drinking water, people store water in a variety of 
containers at their homes.  Khayyat (1999) as well as Rijal and Fujoka (1998) 
reported that household water containers might contain high levels of faecal 
indicator bacteria, indicating a possibility that pathogens might also be present in 
those water containers.  This situation is also reflected in container-stored water 
of the Reference group that became more polluted than the tap water during 
storage – the exact opposite of the situation of the Intervention group.  Therefore, 
excessive numbers of indicator organisms (total coliforms and E. coli) were still 
introduced in the containers in selected households by poor hygienic handling of 
water from and in containers during water related activities (Jensen et al., 2002; 
Tuttle et al., 1995).  The container-stored water was of better quality to start with 
and then got contaminated whereas for the Intervention group (pre-intervention) 
the health-related microbiological water quality at source was much worse but 
became significantly better.  As we saw in Section 3.8.2 the water quality still did 
not improve to within compliance levels.  The water supply intervention was 
therefore much needed. 
Most water storage containers used by households in Folovhodwe are screw-
tops.  These containers have a potential to promote build-up of contaminants 
Because of their design (small opening) they are difficult to wash inside (Sobsey, 
2002).  In the case of wide mouthed containers, environmental contamination 
such as dust is more likely to occur because of inadequate protection 
(uncovered) of the storage containers.  Ntsherwa (2004) and Jagals et al. (2003) 
reported that the increase of indicator organisms in stored tap water could be 
attributed to bio-film and other environmentally introduced particulates suspended 
in the container water. 
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Taylor (1972) in another area of study, (as cited in Pinfold, 2003) reported the 
regrowth of E. coli in water when associated with rotting food or vegetation at 
elevated temperatures.  Similar studies in Bangladesh (Ahmed et al., 1998), 
found evidence of bacterial growth on the internal surface at the base of storage 
containers.  Presumably, sedimentation of small amounts of food particles 
entering the water during handling would lead to a build-up of nutrients in the 
base of the water container (Macy and Quick, 2000).  
These findings support the results in this study of an increase in total coliforms 
and E. coli levels found in container-stored tap water used by the Reference 
group and therefore the water continues to be contaminated (or bacterial growth) 
during storage even if collected from an improved water supply. 
Poor hygiene practices around stored water were often observed in the area of 
study, such as potentially risky methods of water storage.  Uncovered water 
storage containers were placed (often without lids) outside, exposed to 
environmental dust which might impact negatively on the microbiological quality 
of the water. 
3.8.4 Container-stored water of the Intervention group “before” the 
intervention and Reference group container-stored water 
Container-stored waters originating from the surface water sources used by the 
Intervention group were compared to that of the Reference group supplied by 
groundwater via taps. 
Improvements in water quality indicated from previous studies were either 
brought about by the use of an improved water supply or good water storage 
practices at home (Poverty, Health and the Environment, 1999; Ahmed et al., 
1994).  In this study the numbers of indicator organisms (both total coliforms and 
E. coli) were lower in the Reference group’s container-stored tap water compared 
to the Intervention group’s stored water “before” the taps were commissioned for 
the latter group.  The reason could be that the Reference group’s container-
stored water is collected from a protected groundwater source supplied via taps 
compared to the Intervention group’s container-stored water collected from an 
unprotected surface water source (Nwanedi River). 
Esrey (1996) in multi-country study found that the provision of improved water to 
a small number of households in an area may not actually protect even those 
Page 57 of 95 
Results and Discussion 
families from infection when the overall level of faecal contamination in the 
environment is high.  Judging by the E. coli levels, although lower than E. coli in 
container-stored river water used by the Intervention group were still present in 
container-stored tap water of the Reference group, indicating continual faecal 
contamination of stored water. 
There are several potential causes of the continual faecal contamination of stored 
water.  Most Folovhodwe people keep their domestic animals and other related 
livestock within household limits as is customary in rural settlements.  This is also 
reported in other studies done by Jagals (2000) and Grados et al., (1988).  The 
danger of water-related health risks attributed to the keeping of animals mostly 
occurs when people, especially children, have contact with the animal and / or its 
excreta and then with stored water without washing their hands first, thereby 
contaminating the stored water (Joubert et al., 2003; WHO, 2002a; Pinfold, 
1990). 
Therefore, the results in this study show that both the Intervention and the 
Reference groups, despite the lower total coliform and E. coli numbers of the 
Reference group container water, still show microbiological contamination of 
water in the water storage containers.  This contamination is most likely due to 
contamination by human and animal waste during water usage at home by 
households members. 
3.8.5 Intervention group “before” and “after” intervention 
In this section the health-related microbiological water quality of stored water was 
assessed to determine whether there were any changes after the water supply 
intervention. 
E. coli numbers in the container waters were reduced significantly “after” the 
water supply intervention.  This is because of water sourced from an improved 
supply (from a protected groundwater source).   
In studies conducted in Thailand, Pinfold (1990) and the Free State province 
South Africa, Nala (2002) reported that after the household members were 
exposed to hygiene education to improve their hand washing practices after toilet 
use, E. coli numbers were reported to have decreased in the water in storage 
containers.  In this study organism numbers are lower “after” the water supply 
intervention. 
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The water supply intervention for the Intervention group appeared to have played 
a role in reducing levels of these indicator organisms as indicated by improved 
microbiological quality compared to before the intervention.  However, according 
to the guideline limits the water was still not safe for human consumption for the 
Intervention group people even with the use of tap water.  However, even if the 
water was not suitable for human consumption (according to the various 
guidelines), all the efforts done in improving water supplies in the study area were 
not wasted, because there was indeed an improvement in the health-related 
microbiological water quality after the intervention.  What is needed is education 
in hygiene practices around stored water at home to help optimise the use of 
improved water supply. 
3.8.6 Container-stored water of Intervention group “after” the intervention 
and the Reference group container-stored water. 
In this section the health-related microbiological water quality was assessed to 
determine whether the water quality was similar since the sourced water in 
storage containers was now from the same water supply.  This means that both 
the Intervention and Reference groups’ container-stored water was sourced from 
a tap water supply.  
The results showed higher contamination in container-stored water of the 
Reference group than the Intervention group stored water, although the same 
water supply was being used by both groups.  Total coliforms in container-stored 
water of the Intervention group “after” the intervention were lower than in the 
container-stored water of the Reference group.  It appeared that the use of an 
improved water supply for many years now by the people from the Reference 
group provided no advantage for them over the Intervention group that were 
recently provided with tap water.  It implied that the Reference group’s water-
handling practices at home at the time of the study were not as efficient as those 
of the people from the Intervention group.  It could be that the newly-found water 
supply by Intervention group people could have encouraged them to practice 
good hygiene around stored water in the domestic environment.  According to a 
study conducted by Oyemade et al. (1998) in Nigeria showed that when water 
from taps is freely available at close range, practices such as hand washing 
becomes more frequent.   
Therefore, the lower numbers of total coliforms in the Intervention group 
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container-stored water might be associated not only with the use of tap water but 
with improvements in the hygiene practices in the domestic environment.  
Although E. coli numbers were lower in container-stored water of the Reference 
group than that of the Intervention group, the difference (reduction) was not 
significant.  The reason could be that the manner of handling and use practices 
around container-stored water of the Reference group played no significant role 
in reducing the E. coli numbers. 
3.8.7 Container-stored water one year after the taps were commissioned 
in Folovhodwe. 
This step was undertaken to determine any changes in the health-related 
microbiological water quality after one year of using tap water by all the people of 
Folovhodwe. 
The source water (groundwater) after a year was still of good quality.  Any 
deterioration in the quality of stored water was probably as result of poor hygiene 
practices in the domestic environment. 
Although tap water was supplied, the people of Folovhodwe still had to walk 
some distance to these taps to collect water and then store the water in a variety 
of containers.  The contamination routes as discussed before were sustained 
within the container-based water collection and storage systems. 
The water supply intervention played a minor role in reducing total coliform and 
E. coli numbers in container-stored water after one year of using tap water to a 
level of it being suitable for human consumption (above safety limits).  The 
reason for the increase in total coliform and E. coli numbers could be as a result 
of poor water-handling practices since the same water supply (tap) was being 
used. 
Many factors in the domestic environment could have caused this increase.  
Studies in Sudan (Enjem, 2004) and Nicaragua (Gorter et al., 1998) showed that 
hands that are in regular contact with the local surroundings act as a potential 
conduit for transferring microorganisms from contaminated sites within the home 
and compound to the stored water, either via a “dipper” or through direct contact. 
The indicator organisms in container-stored water were above the safety limit 
described in the guidelines and faecal pollution in the domestic environment 
continued to contaminate stored water at home indicated by the presence of E. 
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coli in stored water.  Studies conducted by Nala et al. (2003), Bokako (2000) and 
Jagals et al. (1999) in another area in South Africa have shown that the 
occurrence of E. coli were attributed to poor hygiene practices around water such 
as household members not washing hands after using the toilet. 
The fact that even after one year the water was collected from a distant source 
and stored in a variety of containers, under conditions that often contaminate 
stored water (the source-to-glass chain not broken), explain continued 
contamination of stored water by these indicator organisms (total coliforms and 
E. coli). 
Again, the reason for the deterioration in water quality after a year of using tap 
water could be that the people were excited with their newly-found water supply 
just after the taps were commissioned and the relief brought about by less labour 
output through shortened distances that allowed them to perform their domestic 
activities efficiently.  However, a few months later the excitement and the 
encouragement to practice good hygiene especially around stored water began to 
wear off and this effect is indicated by increased numbers of total coliforms in 
stored water one year later.  Source water (groundwater) after a year remained of 
good quality, therefore any deterioration in quality of stored water was probably 
as a result of poor hygiene practices in the domestic environment. 
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Chapter 4 
Conclusion and Recommendations 
4.1 RESEARCH PROBLEM 
The original research problem was: “Does a water supply intervention play a role 
in changing the quality of the water used at home by the people of Folovhodwe 
and if so, to what extent does it contribute towards improving water quality at the 
point of consumption”? 
There was an overall improvement in the health-related microbiological water 
quality of the water that people drank after the water supply intervention in 
Folovhodwe.  This is indicated by the improvements in container-stored water of 
the Intervention group after the intervention as well as the Reference group 
waters which contained less indicator organisms when compared to the 
Intervention group’s waters “before” the intervention.  As far as the source waters 
are concerned, the groundwater sources were of a better microbiological quality 
than the surface water sources.  There was 3.5 and 2.5 log reduction for total 
coliforms and E. coli, respectively. 
The health-related microbiological quality of water stored by the households and 
at the sources still posed a potential risk of infection according to the Assessment 
Guide for Quality of Domestic Water Supplies (WRC, 1998), the South African 
Water Quality Guidelines (DWAF, 1996), the World Health Organisation 
Guidelines for Drinking Water Quality (WHO, 2004b) as well as the SABS Code 
241 (2001).  This meant that the water was not suitable to drink. 
Based on the research problem - the findings in this study indicate that the use of 
an improved water supply played a role in changing the quality of the water 
used at home, however the water supply intervention alone was not 
sufficient to ensure health-related microbiological water quality suitable for 
drinking at point of use.  These findings also suggest that the research problem 
was solved through this investigation. 
4.2 RESEARCH AIM AND OBJECTIVES 
In terms of the aim of the study, the study objectives were met as follows: 
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? The health-related microbiological water quality at the various water sources 
(surface and groundwater) used by the people of Folovhodwe was 
assessed.  The results indicated that:  
Groundwater sources were significantly less polluted than surface water 
sources.  This is indicated in the river water in particular that was exposed 
to many polluting factors from the environment such as human and animal 
activities that lead to increased numbers in the organism counts (total 
coliforms and E. coli) in these surface waters than the groundwater. 
? The changes in the health-related microbiological water quality of the source 
water after being sourced and during storage and use at home by the 
Intervention and Reference groups were empirically measured and its 
quality expressed in terms of the risk and compliance to international as well 
as national water quality guideline values.   
Although there was a decrease (die-off) in container-stored river water used 
by the Intervention group, the health-related microbiological water quality of 
this stored water still indicated some form of contamination related to poor 
water-handling practices at home.  This contamination of stored water was 
also indicated in the Reference group tap water that showed increased total 
coliform and E. coli numbers after being stored at home.  According to the 
various guidelines the health-related microbiological water quality at source 
and in storage containers was unsuitable for drinking and the consumers 
were exposed to a risk of infection. 
? Differences in the health-related microbiological water quality of container 
stored water used by the Intervention group before the intervention to that of 
the Reference group were measured.   
The Intervention group at this point (before the intervention) was drinking 
water of poorer microbiological quality than that of the Reference group. 
As expected there were differences - higher indicator organisms were found 
in the Intervention groups’ container–stored water than the Reference 
group.  This outcome showed the association of using unprotected river 
water that was exposed to more pollution and poor water quality (higher 
indicator organisms in the river water) of the Intervention groups’ container-
stored water.   
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? Changes were measured in the health-related microbiological water quality 
of container-stored water of the Intervention group before and after the 
water supply intervention. 
The health-related microbiological water quality of the Intervention group 
was improved significantly after the intervention.  The water supply 
intervention in this rural area addressed the issue of improved water quality, 
although at the point of consumption not satisfactorily for drinking purposes, 
according to the guidelines. 
? Changes in the health- related microbiological water quality of container-
stored water of Reference group and those whose taps were recently 
operationalised were measured (Intervention group).   
Surprisingly those with the recently installed water supply had better water 
quality in their storage containers than those who have always been using 
tap water.  This outcome suggests that water-handling practices were 
probably the cause of higher numbers of indicator organisms in the 
Reference groups’ stored water since both groups were now using tap 
water. 
? The suitability of the health-related microbiological water quality for both 
groups was expressed in terms of the water quality guidelines. 
Despite improvements in the health-related microbiological water quality 
following the use of an improved supply via taps, the indicator organism 
numbers were above the required safety limits for water intended for 
drinking and therefore did not comply with the guidelines.  
? The sustainability of the water supply intervention was assessed one year 
after installation of the taps. 
Although the indicator organisms in the groundwater source after one year 
were zero, the quality of container-stored water deteriorated compared to 
directly after the taps were commissioned.  That means the benefits of 
improved water supply were not sustained.  This situation is also reflected in 
the Reference group that have been using tap water for several years but 
had poorer water quality than Intervention group that have recently been on 
using tap water.  This shows that the effect or excitement of using improved 
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water supply wears off with time. 
Therefore, it can be concluded that improving access to a water supply suitable 
for drinking without concurrent programmes such as creating awareness and 
changing hygiene behaviour and improving sanitation facilities is not sufficient to 
bring safe water at point of consumption. 
4.3 SHORTCOMINGS IN THIS STUDY 
The effect of domestic hygiene factors and household practices on the health-
related microbiological water quality of stored water at home were not studied.  
This is necessary for future studies to understand the extent to which these 
practices contribute to the changes (or lack of it) in quality of water brought about 
by supply interventions alone. 
Knowing the influence of these factors can help in the design and implementation 
of effective hygiene education and training programmes for service providers to 
change deep-rooted hygiene behaviours in people in order to optimise the 
benefits achievable by water supply interventions. 
4.4 FUTURE RESEARCH 
Extending access to improved in-house water supply amongst the ‘unserved’ in 
rural areas is essential.  One of the appealing features of water piped directly and 
regularly into the house is the fact that there is no need for storage containers, 
and that those using the water cannot contaminate the supply.  However, in many 
parts of South Africa, even in the years to come, people will still have to collect 
their drinking water some distance from home and store it in a variety of 
containers before using it.  This implies that the practice of water storage in 
containers at home will also be a reality for a long time to come.  This study, as 
well as in other studies, has indicated that stored water posed a risk to the 
consumers.  Therefore, future studies should be done to determine which 
household hygiene practices contribute substantially to the deterioration of 
container-stored water that has been sourced from a good supply. 
It is necessary that these communities (including the study area) while still waiting 
for the provision of in-house tap water supply, programmes be put in place such 
as education and training programmes to inform and change hygiene practices of 
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the people that can impact negatively on the quality of stored water.  That means, 
education programmes must be implemented alongside water supply 
improvement projects. 
Suggestion action to protect people from risks of contaminated water: 
Education and training programmes in an effort to protect people from the risk of 
consuming contaminated water, should target hygiene education at both children 
and adults on the following: 
? Safe water storage and handling at home and treatment of water when its 
quality is in doubt; 
? Protecting all water sources from contamination that will contribute to health 
problems, for example by encouraging people not to defecate near the 
water sources or dispose waste into these sources. 
4.5 RECOMMENDATIONS 
Since there are many factors involved in the storage and use of water in the 
domestic environment at which drinking water can be contaminated to a point that 
it is no longer safe for human consumption, the following household hygiene 
practices should be encouraged: 
? Proper disposal of excrement.  That means safe disposal of excrement in 
latrines, preferably VIP.  This is important in domestic hygiene and to control 
vectors such as flies; that can gain access into water storage containers; 
? Safe keeping of domestic animals.  Animal excreta contain pathogens that 
can contaminate water if these animals are allowed into the domestic 
environment, which implies that these should preferably be kept away from 
areas where drinking-water is kept; 
? Proper disposal of waste.  This is important in the domestic environment for 
example, to discourage the breeding of vectors from uncontrolled household 
waste; 
? Children’s behaviour related to domestic water hygiene.  Children can 
spread contaminants from their playing environment into the domestic 
environment where water storage containers are kept.  It is therefore 
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important to teach children particularly those who can access water from the 
storage containers good water hygiene practices at home and school; 
? Water storage and dipping utensils.  A water storage container which 
discourages the dipping of hands and utensils should be used or clean 
utensils should be used to scoop the water; 
? Hand hygiene.  Thorough washing of hands with soap as well as at critical 
times such as after using the toilet and before accessing water from storage 
containers has been known to protect stored water quality. 
Future studies should be done to determine which household hygiene practices 
(including the above-mentioned) contribute substantially to the deterioration of 
container-stored water that has been sourced from a good supply. 
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 APPENDIX A 
MICROBIOLOGICAL ANALYSIS 
Methods and techniques 
1 QuantiTray®/2000 Colilert 18 
Colilert-18 was used to detect total coliforms and E. coli simultaneously in 
drinking water samples. 
The QuantiTray®-Colilert 18 method is a commercial, defined substrate medium, 
which has recently become widespread in use in many countries around the 
world (Palintest, 2001).  According to Chao et al. (2004), the combination of 
overall simplicity, standardized media, uniform counting and elimination of 
overgrowth problems, minimized dilutions and general analytical technique 
associated with QuantiTray®-Colilert 18 method results in more uniform and 
comparable data sets.  The limitations of this method has been found to be 
significantly less than many of the limitations associated with other methods such 
as membrane filtration (Koekoe, 2004; Elmund et al., 1999). 
The method uses positive multiple tubes or wells to estimate the most probable 
number (MPN).  The MPN is a statistical estimate of the number of bacteria that, 
more probable than any other, would give the observed result; it is not the actual 
count of the bacteria present (Eckner, 1998).  Conclusive results are available 
within 18 hours without any need for confirmatory tests (IDEXX, 2000). 
1.1 Sterilisation 
The equipment used during the analysis was sterilized in an autoclave at a 
temperature of 121ºC for 30 minutes.  Autoclave tape was used on the equipment 
to give an indication that the autoclave reached the required temperature. 
1.2 Dilutions 
Dilutions were carried out for various water types such as those that were much 
polluted the sample will be more diluted than the less polluted ones. 
For this study dilutions that were done ranged from 50/50 to 1/99.  For example 
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 the 50/50 dilution implied that 50 mℓ of sample was diluted with 50 mℓ of sterile 
distilled water and for 1/99 dilution, meant that 1 mℓ sample was diluted with 99 
mℓ of sterile distilled water.  The same procedure was done with the 25/75 
dilution.  For those water samples that did not need any dilutions, 100mℓ of the 
sample was poured into the measuring cylinder for analyses without being 
diluted. 
1.3 Method 
? After collecting the sample in sterile container, 100 mℓ was transferred 
into a clean, sterile measuring cylinder bottle. 
? If the sample concentration for E. coli was likely to exceed an MPN of 
2.419 per 100 mℓ, as a result of highly polluted water samples, the 
sample was diluted with sterile distilled water.  The diluted sample was 
then capped, shaken and treated like a regular sample. 
? The QuantiTray® heat sealer (is an equipment that uses heat to seal the 
sample tray designed specifically for this method) was turned on to warm 
at least 20 minutes before processing. 
? A Snap Pack of Colilert® -18 reagent (dehydrated media) was separated 
from the strip, tapped so that all of the powder was on the bottom of the 
pack. 
? Care was taken not to touch the opening of the Snap Pack of Colilert® - 
18 reagent with hands to prevent contamination. 
? The reagent was then added to the 100 mℓ water sample in the 
measuring cylinder. 
? The measuring cylinder was capped tightly without touching the bottle 
neck. 
? Then the sample was shaken vigorously until the reagent powder was 
dissolved. 
? Anti-foam® solution was added to reduce foaming of the sample and 
allowed to sit undisturbed for a few minutes. 
? The QuantiTray® was opened and held in one hand in a U-shape as the 
entire sample was poured into it, touching only the foil tab.  Air bubbles 
were eliminated by tapping the small wells two to three times. 
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 ? The sample tray was placed onto the orange QuantiTray® rubber 
supporter and carefully inserted through the sealing machine to seal and 
distribute the sample mixture into all of the wells. 
? The tray filled with sample was labelled at the back and incubated for 18 
hours at 35ºC.   
1.4 Results Interpretation 
After 18 hours (for Colilert®-18) of incubation, the results of the test were read 
and recorded. 
? Wells that have turned yellow were counted positive for total 
coliform bacteria (Figure 1).  For those wells in the QuantiTray® 
that did not have a yellow colour were counted negative. 
? If the wells were light yellow, the tray was incubated for an 
additional four hours and re-examined. 
Each well was checked for fluorescence by placing it under a UV light (250 
Volts, 50 Hz and 0.17 amps) within five inches of the sample in a dark place.  
For convenience and safety, viewing cabinet was used to keep the UV lights 
within the cabinet during counting. 
Those sample wells (large and the small wells) that fluoresces when viewed 
under the UV light were counted positive for E. coli (Figure 2).   
 
Figure 1: Yellow wells indicate total coliforms 
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Fluorescing 
wells
Figure 2: Fluorescing wells indicate Escherichia coli 
1.5 Counting 
The Most Probable Number (MPN) table provided by the IDEXX manufacturer, 
were used to count the numbers of total coliforms and Escherichia coli. 
1.6 Verification of wells for false positives 
The mis-estimation of the actual organisms is substantial when using membrane 
filtration technique (APHA, 1998).  For this study QuantiTray®-Colilert 18 method 
was used to assess indicator organisms, therefore did not check for false 
positives.   
Colilert method uses the patented Define Substrate Technology (DST) to 
simultaneously detect and confirm total coliforms and E. coli.  Two nutrient-
indicators, ONGP and MUG are the major sources of carbon in Colilert and can 
be metabolised by the coliform enzyme ß-galactosidase and the E. coli enzyme 
ß-glucuronidase, respectively. 
As coliforms grow in Colilert, they use ß-galactosidase to mobolise ONPG and 
change it from clear to yellow and E. coli uses ß-glucuronidase to mobilise MUG 
and create fluorescene.  Since most non-coliforms do not have these enzymes, 
they are unable to grow and interfere.  Therefore, the few non-coliform that do 
have these enzymes are selectively suppressed by Colilert specifically formulated 
matrix.  This approach is different from traditional media which provide a nutrient-
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 rich environment that support the growth of both target organisms and non-target.  
When non-targets grow and mimic target organisms, false positive occur.  With 
the Colilert methods it is highly unlikely that false positives will occur and 
therefore misinterpretation is minimised (IDEXX, 2000). 
1.7 Confirmation 
Confirmation was not done on the positive wells produced by the QuantiTray® 
Colilert method. 
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 APPENDIX B 
STATISTICAL PROCEDURES 
1 THE 95TH PERCENTILE 
The 95th percentile is an estimate of the range of values within which the sample 
parameter be expected to lie.  For this study the 95th percentile compliance level 
was selected to indicate what level of risk of infection people are exposed to by 
their drinking water investigated by comparing the results obtained to stipulated 
water quality guideline limit (Chapter 3, Results and Discussion). 
2 TRANSFORMATION OF DATA 
Data was captured in Microsoft Excel (XP) spreadsheets.  Calculating the 
logarithm, of each data set helped to normalize more strongly skewed data sets, 
therefore producing data that is normally distributed.  Numerical data (e.g. 
number of bacteria) were log-transformed (Helsel and Hirsch, 1995) and 
described according to the mean (logs), sample size (n), minimum and maximum 
data values and 95th percentile and 95% confidence interval. 
For studies of this nature where the microbiological water quality data is involved, 
data seldom meet normality even when log-transformed (Helsel and Hirsch, 
1995). 
Therefore the data was transformed to their logs to produce the following: 
• To make the data more symmetric 
• To make the data more linear 
• To make the data more consistent in variance 
To analyse the data the statistical programme Sigma Stat® Version 2.03 (1997) 
was used and Sigma Plot® Version 9.0 (2004) was used to plot data in graphs. 
3 MEASURE OF LOCATION 
3.1 Mean of logs  
This is the mean of the logarithmics, transformed back to the original unit.  This is 
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 the best preferred estimate of central tendencies of untransformed 
microbiological data (APHA, 1998). 
4 OUTLIERS 
Outliers are the observations whose values are quite different from other values 
in the data set (Helsel and Hirsch, 1995). 
Possible sources of outliers are:  
? recording and measurement errors are often the first suspected source 
of outliers 
? An observation from a population not similar to most of the data 
? A rare event from a single population that is quite skewed 
Managing outliers: 
When outliers occurred during this study, the following were investigated: 
? Incorrect entering of data into a calculation programme. 
? Copying, decimal points and other obvious errors. 
? Comparing the outlying tendency with the other indicators detected 
from the same sample to see if a similar event occurred. 
For this study when errors were found, outliers were not left out (discarded) in the 
data sets as they were associated with specific events such as high pollution in 
certain water sources at a specific period of time or season. 
5 MINIMUM SAMPLE SIZE 
The minimum sample size for statistical significance was determined before the 
experiments commenced for this study.  A minimum sample size of 15 samples 
for each microorganism group was used for each activity category as suggested 
by APHA (1998), for proficiency in a laboratory programme.  The larger the 
sample size, the greater the power of relevant test applied. 
After assessing the first 15 samples, the mean difference of each (n = 15) data 
set was used to estimate the final minimum sample size in Sigma Stat® Version 
2.03 (1997) to confirm whether the initial sample sizes were large enough.  The 
results showed that sample size was large enough. 
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 6 HYPOTHESES 
Setting up and testing hypotheses is an essential part of statistical inference. 
Statistical tests were used to determine whether the hypothesis should be 
accepted or rejected.  Hypotheses were formulated (Chapter 2, Section 4.1 - 4.8) 
for various sections in Chapter 3 (Results and discussions). 
6.1 Zero hypothesis (H0) 
The zero hypothesis is given special consideration in statistical tests, this is due 
to the fact that this hypothesis relates to the statement being tested (Helsel and 
Hirsch, 1995).   
In this study the zero hypothesis (H0) represents a theory that has been put 
forward, either because it is believed to be true or because it is to be used as a 
basis for argument, but has not been proved. 
The final conclusion once the test has been carried out is always given in terms 
of the zero hypothesis.  This means the H0 was either rejected or accepted.  
6.2 P- value 
The p-value is the probability of obtaining the computed test statistic or one even 
less likely, when the zero hypothesis is true (Helsel and Hirsch, 1995). 
Small p-values suggested that the zero hypothesis was unlikely to be true.  That 
means the smaller it is the more convincing is the rejection of the zero 
hypothesis. 
7 NORMALITY OF DATA 
According to Helsel and Hirsch (1995), serious problems can be experienced 
when statistical procedures are used assuming symmetry or linearity because 
data is often not normally distributed. 
The normal distribution is symmetrical, not very peaked or very flat-topped.  In 
this study, data was seldom symmetrical since this is microbiological water quality 
data. 
8 ANALYSIS OF VARIANCE 
Analysis of variance is a statistical technique for analyzing data that tests for a 
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 difference between two or more means by comparing the variances within groups 
and variances between groups. 
8.1 Non-parametric tests 
Non-parametric tests are used to analyze data that does not fit a normal 
distribution.  They are based on the rank order of measurements rather than their 
values (Helsel and Hirsch, 1995). 
8.1.1 Mann Whitney Rank-sum test 
Rank-sum test is a non-parametric test used to test for significant differences 
between two unpaired data sets.  The data from one group differ from data in 
another group by being larger, smaller or larger and/or smaller. 
It can determine whether the data from each of the two groups come from the 
same population and does not require differences between the two groups be 
normally distributed. 
In the context of this study, this non-parametric test was used to test for variance 
in unequal and unpaired data sets. 
8.1.2 Wilcoxon Signed Rank Test 
This Signed Rank test was used to test for statistically significant difference in 
paired data sets (i.e. data for before and after the water supply intervention).  It 
does not require the assumption that the population is normally distributed. 
8.1.3 Kruskal-Wallis ANOVA on Ranks 
The Kruskal-Wallis statistic is the non-parametric equivalent of the one-way 
ANOVA.  It is used when there are 3 or more groups of non-parametric data (i.e. 
various water sources used by the Intervention and Reference groups).  It is a 
generalization of the rank sum test to three or more groups (Helsel and Hirsch, 
1995). 
This means it tests changes between more than two data sets and therefore 
compares the results from several different experimental groups that may be 
affected by a single factor (Glantz, 1997). 
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 8.1.4 Multiple Comparison Procedures (MCP) 
Having worked out whether there are any differences between more than two 
independent samples it would be useful to be able to tell which means differed 
from which others with some confidence.  The techniques available such as 
Tuckey’s MCP used after using Kruskal-Wallis are somewhat limited but those for 
the parametric ANOVA’s are quite extensive.  
A procedure called Dunn’s method was utilized for doing all comparisons 
between the water quality categories medians.  
The Dunn multiple comparison test uses the following parameters: 
? The p-value which indicates the difference in the ranks of the groups 
means (median values) being compared. 
? If the p-value is greater than 0.05, it cannot be confidently concluded that 
there is a significant difference between the means of the two groups 
compared. 
9 GRAPHICAL PRESENTATION OF DATA 
The first thing to do in analyzing data is to plot them since visual inspection of the 
graph can provide the first clues to the nature of the data. 
According to Helsel and Hirsch (1995) the best method for directly illustrating the 
results is a boxplot and for this study the box plotting was used for the visual 
appraisal of data.  The box is divided in two by the median.  In addition the 
positions of the least and greatest values in the sample are indicated by the ends 
of two lines extending from the ends of the box. 
Differences in the centre and spread of the datasets are clearly visible with a box 
plot and it summarises the following statistical measures: 
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 Risk limit
Outliers beyond the 10th and 90th percentile
10th percentile
25th percentile
Median value
75th percentile
90th percentile
Figure B1: An example of a box plot
 
? The median is indicated by the black centre line in the box plot.  It is the 
preferred measure of central tendencies and is resistant to the effects of 
outliers and tends to indicate a more sensible central point in data (Helsel 
and Hirsch, 1995). 
? Interquartile range: is the range of the middle two quartiles.  These are the 
lower and upper quartiles (defined as the 25th and 75th percentiles 
respectively).  The box itself contains middle 50% of the data.  The closer the 
data is clustered to the median within the interquartile range, the more stable 
the data set is. 
? The skewness also referred to as the quartile skew.  If the median line within 
the box is not equidistant (further) from the middle of the box, then the data is 
skewed. 
? The ends of the vertical lines or whiskers protruding above and below the 75th 
and 25th percentile indicate the 10th and 90th percentile boundaries. 
? The points (circle symbols) outside the ends of the whiskers indicate outliers. 
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